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PEEFACE. 



The great and increasing demand for a know- 
ledge of Geometrical Drawing as applied to the 
Arts has induced me to lay before the public 
a course of instruction which I designed in 1846 
for the Students at the College for Civil Engineers, 
Putney, and practised with success until the close 
of that institution in 1851. 

During the past tour vcars an opportunity has 
been afforded me by the Department of Science 
and Art of remodelling the subjects of this work, 
which is intended as a text-hook for the Masters 
in training, and as a medium through which the 
Engineer, the Mechanist, the Architect, the Builder, 
the Mason, and the Bricklayer may acquire a 
knowledge of the rules and principles governing 
that description of drawing by which their operations 
are directed when constructing a machine or erect- 
ing a building. 

The object of teaching Geometrical Drawing, 
whether applied to civil or military engineering, is 
to give the power of representing, by plans, eleva- 



tlons, and sections, the magnitude and configuration 
of a structure, such as a machine, bridge, house, 
or fort ; and since all such representations are 
governed by the same rules, a knowledge of their 
application is of equal importance. The design of 
this work is, therefore, to lay before the reader a 
simple and condensed course, forming the ground- 
work of Mechanical and Engineering Drawing ; 
so as to place within his reach the means of 
acquiring a knowledge of such delineations when 
laid before him to work from ; and also to give 
him the power, if only with a piece of chalk and 
a board, of expressing his ideas of any mechanical 
or engineering structure which he may have 
occasion to carry out in practice. 

Notwithstanding that we have recently been 
favoured with translations from the French of 
Le Blanc, Armengaud, and Amourous, there 
is, to the best of my knowledge, no work in 
the English language of a sufficiently elementary 
cliaracter to meet the wants of the artisan, who 
requires to be led step by step through a series of 
easy and progressive exercises on the projection of 
points, right lines, and simple figures; after which 
he may be introduced to the subject of curved lines 
and the delineation of more complex figures. This 
is the plan I have followed in the work now sub- 
mitted to the public, which is intended as a basis 
of instruction for those whose business or profession 
may require them to understand geometrical de- 
lineations. 

Having, in the title-page of this book, presumed 
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to designate the system here recommended " a new 
method of teaching Mechanical and Engineering 
Drawing," it may be desirable to show wherein the 
novelty consists, by a comparison with the usual 
mode of teaching, which, so far as my knowledge 
extends, is from the "flat," — that is, from copy — 
the practice being to lay before each student of the 
class a drawing of some part or parts of a structure, 
which be is requested to copy. This being done, 
another drawing, probably somewhat more elaborate, 
is laid before him; and the same course is pursued 
until he becomes tolerably expert with his instru- 
ments and brushes, and eventually is enabled to 
make a very creditable or even a highly finished 
drawing from copy. If, however, at the end of one 
or two years' practice, the copyist is asked to make 
an end elevation, side elevation, and longitudinal 
section of his black-lead pencil, or a transverse 
section of the box containing his instruments, the 
chances are that he can neither do the one nor the 
other. Strange as it may appear, this is a state of 
things which I have had frequent opportunities 
of witnessing in the case of students who, on 
entering my class, have brought excellent specimens 
of their own drawings from copy. The remedy 
in all such cases has been to commence a course 
of study from the very beginning; and the result 
has ever been satisfactory. I should therefore most 
earnestly recommend the student who has gone 
through a course of instruction from the "flat," and 
who is desi]-ous of acquiring a knowledge of those 
principles which govern the operations of the 



draughtsman in the execution of his designs, not to 
be led astray hy the impression that the projection 
of a single point or hne, or the attempt to make a 
drawing of his black-lead pencil, is too insignificant 
for consideration because he has already made from 
copy a highly finished drawing, with all the shadows 
admirably projected, being at the samo time, how- 
ever, perfectly ignorant of the rules for projecting 
such shadows. This, it may he remarked, is the 
true picture of a student who had completed a 
course of two years' study at an institution where 
mechanical drawing was taught. After three 
months' practice with the elements of Orthographic 
Projection, as given in this work, the same student 
informed me, with great satisfaction, that his read- 
ings in Descriptive Geometrv, which hatl previously 
been a task, had now become a pleasure, because 
he could understand them. 

With the conviction that the subject of Ortho- 
graphic Projection is the A B C of that description 
of drawing which is universally adopted as a means 
of representing all kinds of engineering structures, 
as well as articles in process of manufacture, it 
has been my sole aim, during the years I have been 
engaged in lecturing, to reduce the subject of 
Mechanical Drawing to a series of fixed rules and 
principles methodically arranged ; so that the whole 
subject, from the projection of a point or line to the 
projection of the most complex object, forms, as it 
were, a chain of so many links, — each problem having 
some bearing on, or connection with, the one pre- 
ceding. It will also he found that each division 
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of the subject in this work commences with t!ie 
projection of a single poiiit, and then proceeds to 
the projection of a line ; and that tlie projection of 
a curved line is not introduced before a full expla- 
nation has been given of the projection of right 
lines. 

It will, therefore, be understood that such a con- 
nection of the subject renders it of the utmost 
importance that the first Chapter should be 
thoroughly mastered before the second is com- 
menced; and so also of the Problems contained in 
the Chapters, which ought to be carefully drawn, 
as shown in the plates, drawings, and figures, but 
on a larger scale. The result of such a course will 
be an amount of practice with the instruments equi- 
valent to that of drawing from copy, with the im- 
portant advantage of acquiring at the same time a 
knowledge of the principles. 

Another peculiarity in this new method is that of 
collective teaching by class lectures. These lectures 
commence with an illustration of the vertical and 
horizontal planes on which the objects are to he 
drawn. This is followed by the projection of a 
point or line, and afterwards with horizontal pro- 
jections of simple objects, which are carefully 
worked out on the black board and explained to 
the students of the class, all of whom are engaged 
on tha same problem, so that an opportunity is 
thus afforded to those who are in advance to 
assist those who are less fortunate. It may 
also be remarked that each lecture is concluded 
by giving out a subject for study and practice, 



which lii to bo worked out on the black board 
and explained by the Master at the succeed- 
ing lecture ; and so on throughout the course, 
which extends over two sessions of five months 
each. Thus, with ten months' practice, the intel- 
ligent student may acquire a knowledge of those 
principles which will enable him to make plans, 
sections, and elevations of a machine or building 
from actual measurement. He may likewise ac- 
quire a thorough knowledge of the method as 
well as the power of delineating any object which 
he can conceive, or which can be explained to 
him. Moreover, his powers of conception and 
understanding when reading scientific works or 
attending lectures, which are invariably illustrated 
by orthographic representations, will be propor- 
tionably increased, so that the construction and 
action of a machine can he fully realised from 
such projections, without the aid of a model or 
reference to the machine itself. 

Such, then, is a general outline of the system pur- 
sued, which is divided in the manner following :— 

The First Course includes the projection of 
points, lines, and plane figures ; plans, elevations, 
and sections of geometrical solids upon the upper, 
lower, and inclined planes; sections and penetra- 
tions of cylinders, cones, spheres, and other figures; 
the development of lines upon plane surfaces, and 
their projection upon curved surfaces ; and, lastly, 
the projection of screws. Thus far the present 
volume is intended to conduct the student. 

The Second Course (which may hereafter form 
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the subject of another treatise) embraces the deli- 
neation of worm, bevel, mitre, and spur wheels ; the 
principles of the formation of the teeth of wheels, and 
the practical modes of constructing thorn by moans 
of templets and the " Odontograph ;" the cycloid, 
epicycloid, and hypocycloidal curves; the construc- 
tion of cams, wipers, heart-wheels, and eccentrics; 
£hc projection of shadows ; and the practice of 
making to scale drawings from actual machinery. 

It is necessary to observe that as this work has 
been prepared with a view of supplying the artisan 
with an elementary course of instruction, it has 
been deemed sufficient to explain only the first sec- 
tion of the course, for if this be properly understood, 
it will enable those who are desirous of extending 
their knowledge to read and comprehend such works 
as " The Practical Draughtsman's Book of Indus- 
trial Design," edited by William Johnston, Assoc. 
Inst. C.E., and " The Engineer and Machinist's 
Drawing Book," published by Blackic and Son. 

I may here mention that I am indebted to 
Le Blanc's "Dessin des Machines" (dated 1836), 
and to Nicholson's " Orthographic Projection " 
(dated 1837), for some of the figures which are 
given in the latter part of this work, and employed 
as practical illustrations of the problems laid down 
in the earlier part. 

In teaching the subject of Orthographic Projec- 
tion it is necessary to make frequent reference to 
such of the preceding problems as bear upon or are 
connected with the subject under consideration ; it 
is therefore possible, in my anxiety to preserve that 



X PREFACE. 

connection which is one of the characteristics of 
this work, that some repetition may occur, notwith- 
standing every care has been taken to avoid it by 
dividing the subject into Articles, which the student 
is requested (by references) to read again, and work 
with his pencil, until the difficulties he meets with 
are overcome. 



WILLIAM BINNS. 



Clabemomt ViULA, 
Victoria Gbovb, Bbomftin. 
2Qth June, 1867 



PREFACE 



TO TOE SECOND EDITION. 



Having, id the preface to the first L'dition of this 
work, pointed out the importance of commencing 
the suhjectof mechanical drawing at the beginning 
rather than at the end — the latter being the practice 
which is still adopted in some of our great insti- 
tutions, civil and military — I feel it necessary onco 
more to direct the attention of students and the 
public to the fact, that the system of teaching 
mechanical drawing by some of our professors is 
no more calculated to make a mechanical draughts- 
man than so much time spent in copying music 
would be to make a musician. What man who 
can use his pencil cannot copy Chinese characters? 
— hut what amount of copying will enable him to 
read them? It is precisely the same with the 
subject in question : the various lines composing a 
mechanical drawing can be copied by almost any 
novice, but no amount of copying will enable him 
to understand them. It would be just as consistent 
to attempt the teaching of mathematics hy copying 
algebraic formulse, as to attempt to make a 
mechanical draughtsman by placing before him for 
imitation a number of inaccurate and distorted 



French litliographa of machinery. If copying is 
practised at all — and it may he with much benefit 
in those institutions where they have not the 
advantage of actual machinery or models — it 
should be from first-class working drawings of 
machinery ; but even this practice should not be 
introduced until the student has acquired a sound 
knowledge of " orthographic" projection, which 
will not only enable him to understand every line 
on the vertical and horizontal planes, besides some- 
thing of the construction of the machine he is 
copying, but will also enable him to detect the errors 
which are so frequently to be met with in the 
drawings referred to. But, without a knowledge 
of the planes of projection, and the projection of 
right and curved lines upon those planes, the 
practice of copying is a mere waste of time, 
and ought, for the credit of the institution in which 
it is practised, to be discontinued. Another and 
more important reason is the welfare of the students, 
many of whom, since the first issue of this work, 
have joined the classes which I have the honour to 
conduct at the Department of Science and Art, 
South Kensington, and at the Government School 
of Mines, Jermyn Street ; and notwithstanding 
they had previously spent from twelve to eighteen 
months in the vain hope that they were learning 
mechanical drawing, they could not understand 
what is meant by three projections of a right line. 
Of those persons who not only practise, but 
recommend, the syslem 1 am denouncing, I would 
ask whether, in the whole course of their teacliing. 



tliey ever met with a copyist who couM find the 
actual length of a right line, of which two projec- 
tions only, a b) c d, in the vertical 
plane were given, and also the 
angles which such line makes 
with the vertical and horizontal planes ; and yet 
these are lines which may be found in mechanical 
drawings- I may even go so far as to say of those 
students who have, unfortunately, wasted many 
months in one of our first metropolitan colleges, 
and who have since attended my class, that when 
they first placed themselves under my tuition they 
were not able to find correctly the projections of 
the most elementary figures given in this work, and 
shown on drawing A ;* whereas the amount of time 
they had already spent on the subject was sufficient 
to enable them to make elevations, plans, and seC' 
tions of machines from actual meamremenf. 

Before closing this preface, I would respectfully 
beg of those gentlemen who have objected to the 
principles of this work, especially those laid down 
for the projection of objects on the inclined plane, 
which 1 am flattered to think they have been 
pleased to call an invention of my own, to com 
municate with the author, rather than mislead their 
students, or to state their objections publicly, when 
they shall be answered. 

I would also beg to express my unfeigned pleasure 
at the receipt of so many complimentary letters 
from the working class, and to say that there are 

• Renil also Art. 10, pnga II 
knowIoJge of iiiojcctinn. 



whicb giTCB an illustration of llieir 
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none who know their requirements so well as those 
who have been in their position, — a circumstance 
which I am proud to acknowledge in my own case, 
as it has enabled me to lay before them the subject 
matter of this work, which was prepared as much 
for their use as for a school class-book. 

I have also to acknowledge the receipt of many 
applications for the second part of this work, condi- 
tionally promised in the first preface, and to say 
that my professional engagements, since the first 
issue, have prevented me from complying with their 
wishes, although it is my intention to proceed with 
it at my earliest convenience, 

W. BiNNS. 

15, Edith ChrovBy Brompton, London. 




A Third Edition of this work having been callet 
(or so soon after the issue of the. second would 
iilniost warrant the conclusion that my humble 
efforts to make clear a subject which mathematical 
professors prefer to shroud in mjstery, have been 
appreciated. 

It is also gratifying to think that the system I 
have introduced is now being successfully taught in 
all the Art Schools throughout the United King' 
dom ; and as many of the students from these 
schools have corae under ray notice, I have much 
pleasure in testifying to the very efficient manner 
in which the masters have performed their duty as 
teachers of Orthogi'aphic Projection and its applica- 
tion to mechanical and engineering drawing, — a 
subject which it would be desirable to introduce 
in an elementary form into our Parochial Schools. 
In support of this assertion, it is only necessary 
to observe that it is from such institutions that 
the greater portion, if not the whole, of our 
artisans emanate; and the description of drawing 
which they ought to learn is that which will enable 
them to understand mechanical and building 
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construction. Hitherto such a thing has scarcely 
been thought of, because its importance has never 
been felt in the right quarter : besides, the subject 
appeared to be so diflBcult, that its comprehension 
by boys in a Parochial School was not in the least 
to be expected. This, however, is no longer the 
case; and I am prepared to state, that with the 
assistance of the Committee of Council on Educa- 
tion, and the co-operation of the masters of such 
schools, the practice of making to scale plans, 
sections, and elevations of mechanical structures, 
could, in a very short time, be brought into 
successful operation in every school in the kingdom. 

W. B. 



PREFACE 



TO THE FOURTH EDITION. 



Hating rQceiveil several letters, directing ray attention 
to tlie fact tliat tliia book has been ignored by tlic 
authorities of the Department of Science and Art in their 
" Directory," and that it has also been omitted from the 
Programme of the Society of Arta' Examinations, I feel 
bound, in dnty to the public and myself, to explain the 
circumstances connected with tliese omissiona, when the 
reader will be able to form his own opinion of the ad- 
ministration of Sonth Kensington justice and its probable 
result. 

At Darmstadt, in Germany, are manufactured various 
kinds of wooden models, to be used in teaehinff mccliaiiical 
drawing, and intended to illustrate the penetration of 
solids, the construction of roofs and other architectural 
works, &c. ; but those I have to deal with more parti- 
cularly, and which are known as the " Darmstadt Models," 
are the illustrations of the penetration of solids — a subject 
which has been so thoroughly explained in my cluss 
lectures, as well as in this book, aa to render, in my 
opinion, the use of such models as a means of instruction 
quite uunecessary. 

Having, soon after my appointment as Master of Me- 
chanical Drawing, given the Department most satisfactory 
testimony in support of the above opinion, I looked upon 
the question of the Darmstadt Models almost as a settled 
one, until tlie time of publication of the first edition of 
this work, when I was requested by Mr. Cole (the Secre- 
tory and Managing Head of the Department) to insert 
therein the following paragraph ; — 

" Specimens of these beautiful models of thepenetra- 
" tion of solids, which are exclusively used on the Covthient 
"for teaching Mechanical Drawing, are now added to tlie 
" collection of educational mudels manufactured at the 



" Chester Training College by Messrs. Arthur and James 
" Riggi and may be seen in tlie Educational Museum at 
" South Kensington." 

Now there were two important reasons for objecting to 
publish the foregoing statement ; first, I had no knowledge 
of such models being exclusively used on tJie Continent 
for teaching Mechanical Drawing ; and, secondly, I could 
not conscientiously recommend them to schools, because 
I felt convinced that the sabject to which they referred 
could be more efficiently taught without them than with 
them. I therefore told Mr. Cole that I had already ex- 
pressed my opinion on this subject to the Rev. Arthnr 
Rigg (the Principal of Chester Training College), and 
had informed him that I objected to their use in scnools ; 
when, in a defiant tone, he said, " If you ignore tlie 
Darmstadt Models, we wilt ignore your book." In other 
words, if I would not publish that which amounted to a 
falsehood, my book must be put on the shelf. In reply 
to Mr. Cole's threat, I observed that my work would 
shortly be laid before the public, and it would be for 
them to accept or reject, whether the Department ignored 
it or not. However, rather than offend my superior 
officer, whose anxiety about these models I could not 
understand, I consented to publish his paragraph, omit- 
ting the word " exclusively." See page 128. 

The nest reminder on the subject of the Darmstadt 
Models was in a letter from the Rev. Arthur Rigg, of 
which the following is a copy : — 

Dhar Sia, — Tbe Deportment have published a, catalogue of sppa- 
Tstna for Science and Ait teaching, which my aona wish to deal with hh 
an nrticle at BCcam manufacture. Tbe first copiea of the catalogue aia 
nearl; exbauitcd, and, on their behalf, I wish to cnlm-go the lepciat. It 
occncg to tne that, with advantage to the study of Orthographic Projec- 
tion, tables of some of thoie at the end of your book might be illustrated 
after tbe mancei of the Darmstadt ones. 

Now Lbey will gladlj do Ihia and enter .them in the citalogue, if joa 
will kindlj let me have the nature of tbe headingB. And could you get 
the paper diagram lines tithograpbed by the Department, and let us 
have the papers torpaiitiTiff on beardi ? 1 should adrocate the retention 
of the DartPBtadt sizo of board. 

Will you let me have an early line in reply, and say which of your 
folding flheets you think Bhoold be first selected i 

Yours faithful 1 J, 

Wm. Binns, Eeq. Aethub Rigg, 

Now, it is rather aur|}rising that Mr. Rigg should have 
written such a letter as the above, when he so well knew 
my views on the subject. Pray, what does it mean? 



Why, that I am to select from my book certain examples 
and work them out, in order that the lithographed copies 
may be pasted on boards " after the manner of the Darm- 
stadt ones;" when, I presume, they will he ready for 
placing before students, that they may, with ad- 
vantage, learn Orthographic Projection by copying the 
lithographed lines, that is, by imitation, somewhat in the 
manner that parrots learn to talk. Surely the reverend 
gentleman could not have read the preface to this book, 
or he would not liave made such a request, unless he had 
thought me void of principle. Yet, in a long discussion 
I had previously had with him, I most fully explained 
my views on the subject. I wrote to him in reply to the 
foregoing ; but the length of my letter precludes its being 
given verbatim. I may state, however, that I explained 
tne principles on which I had taught the subject of 
Mechanical Drawing for twelve years, and with what 
success — the inefficiency of the Darmstadt Models as a 
medium for imparting a knowledge of Orthographic Pro- 
jection — and the importance of instilling into the minds 
of students a knowledge of the principles instead of allow- 
ing them to copy ; at the same time I informed him that 
75 per cent, of my students, not one of whom had ever 
seen a Darmstadt Model, could not only find the line of 
penetration formed by the intersection of one solid by 
another, but give a reason f^r every point and line 
required in the geometrical construction. Now, sup- 
posing the proposed plan to be adopted, alter the position 
of the penetrating solid, and the lithographed lines become 
useless! Retain the exact position of the penetrating 
solid, and the use of these models for teaching becomes a 
farce, a mere system of copy, of which I have said quite 
enough in the prefaces to tlie first and second editions of 
this book. I therefore stated in my letter that the 
Darmstadt Models were useless for collective teaching, and 
could serve no other purpose than drawing from copy, 
which would be a return to the old system. I further 
remarked that the large sum of £20 per set for such 
models could bo much better laid out in the purchase of 
a maehiuQ, or parts of machines, in actual use ; as such 
•bjects would form excellent examples for the practical 
application of the principles laid down in this treatise, 
which form the groundwork of all correct and efficient 
teaching of Mechanical and Engineering Drawing. Such 
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models {parts of machines) are, indeed, much required in 
our schools, from the fact that the masters, not being 

firactical engineers, are generally at a loss for subjects to 
ay hefore the artisan after he has gone through the 
usaal elementary course of Orthograpnic Projection. I 
therefore concluded my letter to the reverend gentleman 
hy stating that I could not assist him in the construction 
of such models, nor yet conscientiously recommend their 
adoption. If I had possessed a more pliable disposition, 
my book would have had a place in the catalogue; hut 
because my conscience would not allow me to patronize 
the Chester workshop, at the expense of all consideration 
for the students or the system I had adopted, the only 
work in the English language which haa made the et/bject of 
the pe^ietration of solids perfectly intelligible to artisans 
must be excluded £fom a catalogue ia which most of the 
French works are mentioned. 

I have now to direct attention to some of the proceedings 
at South Kensington in reference to this subject. In the 
Directory for Schools of Art, revised to March, 1860, in 
which this book is recommended as a text-book, I find, at page 
27, art. 141, the following " Suggestions for Teaching": — 
The Btndents Bhould be tsnght: in elaiiei as much as posaible ; the 
musters receire special inatruotioD in the art of t^adbrng and explaining 
by ineaiiB of the black board and vira voce demonstration, the beat mode 
of proceeding in the execution of geometrical, per^peotive, and free 
hsod outline; and thit mode ^ teaching a rewmJw of jntpilt timvl- 
taneamly in claiiet it to he faltoteed ithetiever praetitable. 

I have put the last part of the sentence in italics. 

Now, if Mr, Cole understood anything at all about the 
Darmstadt Models and collective teaching, he would 
know that the use of such models in a class-room would 
be in direct opposition to the mode of teaching which he 
recommends ; inasmuch as the boards on which the litho- 
graphed solutions of the problems are pasted could only 
be esamined by one or two students at a time, who, as 
before stated, would be more inclined to copy than work 
out the principles of construction ; and this would be re- 
turning to the old system of learning Mechanical Drawing 
from copy, which I have entirely dispensed with. Again, 
if Mr. Cole does not understand the subject of teaching 
he should leave the matter to those who do, and not 
angrily e.xclaim — " If f/ou ignore the Darmstadt Models, 
we will ignore your book." 

No doubt he meant it, as will be evident on referring 



to the Directory for Schools of Science, revised to 
Augugt, 1860, and the Society of Arts' Programmes 
of Examinations for 1861 and 1864, in all of which 
this book is ignored, notwithstanding it had preciowhj 
been recomme/ided in those publications as a text-book 
for students going up for examination in Mechanical 
Drawing. 

The following is an extract from a letter received 
from a student, directing my attention to the above faot 
aa regards tha Society of Arts, whose examinations 
are governed by the Department of Science and Art; — 

2SA,ipiit, 19,61. 

Dear Sia, — Have yon obaerved the following! It is auotliar rap 
St jou by the D. o£ S. and Art, throngh the SociBty of Arts. In tha 
foitbcoming examinatioDB, b, prograoiine of wMch has juat been received, 
there is, unJec the hetid of Mechanical Drawing, the following ; — 

" Mechanical or Geometrical Drawing required by the Mecbaniat, En- 
gineer, Builder, and all in any way employed in the arts of construction. 
The candidate will bo examined in Practical Plane Geometry, right line 
figureB of given areas, curve lines required in the Arte, &:o. ; in Practical 
Solid Geometry, Elementary ProblaoiB on the line and plane, and theii 
combinationa, the representation by Ortboitrnphic Projection of Simple 
Solids from conditions, and in the prlnciplcB of Development as uaed in 
tie eonatruction of ilfty/s,&c, ; and in Elementary reraiieclive Projection 
as far as it ia required by the Architect," 

Now laark the follaieing paraRraph ; it Tcoultl apjiear by it tliat you or 
your mark luite neeer heen Iisard of. In recommending the text-boiiks 
moat suitable they give : 

" Teit-hooks. — Geometry, Plane, Solid, and Spherical iLihranj uf 
fiscal KnmBkdge) in enjieciaU]/ reeomtaeiide/i aa a work to be stndieil 
on Theoretical Geometry. Practical Place Geometry — Barcliett'a Prac- 
tical Geometry. Practical Buometry, Linear Pcr»jpeotice, and Pbo- 
JECTION {lAbranj of Utefid Knowledije'). 

" For Descriptive Geometry [Uark this] — Hall's Elements of 
DescriptlTe Geometry for Stadenta in Engineering. Heather's De- 
acriptive Geometry. Also, the following French worka, which AKh 

MENTIOHED IN C0N3EQUKNCG OP THE GEEAT DEFIOIBHCY OP ENGLISH 

WOKKB ON Gbometbical Dbawino— £fejJiB»(a de GAimetrie Deierip- 
tlve. par S. F. Laeroiie ; Traiti de Geametrie Deieriptire, pur Lefebure 
de ii/UToy ; Nim/veoM Churi RaUonnl da Heum Iiuhtitriel,par Armeiigaud 
aiiU, et Armengmid jeuite, et Antaurirua; Bardin'a Worka ob Descrip- 
tive Geometry." 

Ton see they have qaite ignored the esintence of your own work, 
which surprises me, seeing that your system, and youre alone, ia the 
one taught in all the Schools of Art in Great Britain I &c., &c. 

Yours faithfully, 

To Wm. Eiana, Esq. H, B. 

tie., &c., &o. 
It is curious that the anthoritlcs of the Department, 
who have recently made an effort to supply this want of 
English works by publishing a large folio book on Ele- 
ments of Geometrical Drawing, should have offered this 
insult to English writers ; but more curious still, that the 



first edition of the book wliicli is proposed by them to 
supply this want shouid have been before the public 
upwards of thirty years without tlieir being able to dis- 
cover its merits ; and, surely, if it have any, as a work of 
reference for artisans, it would not so long after publica- 
tion require the especial recommendation of the South 
Kensington savans to palm off the remaining copies of 
i\vi first edition, which were many years since offered for 
sale by public auction at thts modest sum of 1«. 3rf. each. 
This, however, has but little to do with the question, 
whether Mr. Cola and his coadjutors are justified in 
re CO lum en ding test-books which do not treat on Me- 
chanical Drawing at all ? " Geometry, plane, solid, and 
spherical," notwithstanding its especial recommendation, ia 
not Mechanical Drawing. " Euclid," although a work of 
very great ralue, is not Mechanical Drawing. Neither 
do those works which are classed under the head of 
Descriptive Geometry teach Mechanical Drawing. As 
regards the French works, they are good so far as they 
go ; but there is not a book recommended by the Depart- 
ment of Science and Art that commences the subject of 
Mechanical Drawing at the beginning. May I aak, then, 
wliether these pseudo-directors of Science and Art are 
justified in excluding from the list of text-books the only 
book in the English language that lays down the ground- 
work of, and progressively explains, a system of teaching 
Mechanical Drawing as noia taught at South Kensington 
and in every Art School in the United Kingdom? I 
repeat, is it right that these men should be allowed to 
exclude a book which they acknowledge to be " a uery 
clever one in its way," and especially recommend another 
book containing only nine pages of unintelligible matter 
on Orthographic Projection, the remainder treating of 
geometry, solid and spherical, which is of no more use 
to the artisan or student going up for examination in 
Mechanical Drawing than is the study of Arabic ? The 
answer to these questions may be gathered from a remark 
made by a student, who, with others, had travelled some 
two to three hundred miles to attend one of the Science 
Mechanical Examinations, rot the Art Mechanical Ex- 
amination, which, according to the doctrine of these 
learned men, is a very different thing I After the exami- 
nation was over, the onlij successful candidate said, ho 
could not understand why the examiners [Department] 
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sliould recommend books which did not treat upon the 
questions given in the paper ; and further stated, that if 
he had not accidentaliy met with Binns' " Orthographic 
Projection," he could not have answered one of the 
queBtiona given in the paper 1 1 See my evidence before 
the Select Committee of the House of Commons, given 
on the 9th day of May, 1864. 

We will now refer to Mr. Cole's evidence, at page 23 
of the Rejjort of the Select Committee, in answer to 
questions 273 and 274, in order to see how that func- 
tionary tries to get out of difScnlties auch as the 
above. He says, " In respect of Geometrical Drawing, 
" we have two books issued by the Department — one a 
" ruU-of-thumb hook, and a clever one in its way ; the 
" other a highly scientific book, not unworthy of the 
"subject. The students in the Schools ot Art are ex- 
" amine d generally according to the rule-of-thumb book; 
" the other book is for the Science Examinations. Per- 
"haps the examiner, not tein" acquainted with the 
" technical terms of the rule-of-thumb hook, has used 
. " the more scientific terms of the other book." 

Is it not a lamentable thing that the examiner should 
not be acquainted with the A E C of Mechanical 
Drawing ? 

It is scarcely necessary for me to observe, that the 
book now before the reader is the " rule-of-thumb " or 
ABC book, which every working-man can understand, 
and from which he can learn how to make and com- 
prehend a mechanical drawing. This work is alao as 
important an adjunct to the study of the higher branches 
of descriptive geometry as common arithmetic la to the 
higher branches of mathematics. The other " highly 
scientific" and "especially recommended" book is one 
which neither engineers nor carpenters will read, 
because it is so extremely scientific as to be of no prac- 
tical use to them, notwithstanding it was originally 
intended for such men ; but, as a celebrated and very 
learned Canon once remarked to me, " It is a book wliich 
has never come to anything," — and never will, if it 
depends upon the artisan for a recommendation. The 
work in question will never teacli a working-man how to 
make a mechanical dra«-iiig, or how to understand one ; 
and it is this latter quality of which we stand most in 
need in our workshops. I would here' observe that my 



opinions are based on tliirty-eigliC years' experience as an 
Engineer, with a thorongh knowledge of the difficultiea 
and reqairementa of working-men. I therefore trnst that 
my opinions on this subject are entitled to as much 
consideration as tliose of the inexperienced youth who 
holds the responsible office of Science Inspector, whose 
abjections to this book I havo now to notice. 

In reply to a letter to Mr. Cole, inquiring the reason 
why this book was excluded from the list of text-books 
mentioned in the "Directory" as revised to August 1860, 
the author was requested to call upon the Chief Clerk of 
the Department, wno, after apologizing for the unpleasant 
task he had to perform, said, " lara desired to read to 
you a report or your book, which report, I am sorry to 
a ay, is not a favourable one." "May I ask who is the 
author of the report ? " " Captain Donnelly," was the 
answer. " Pray who and what is Captain Donnelly?" 
"An officer in Her Majesty's service." The report was 
then read; and on asking to be favoured with a copy, 
that I might havo an opportunity of putting in a reply, 
I was informed that ray request could not be granted. . 
" What ! do you mean to say that that infamous document 
is to be filed amongst the papers of the Department 
without a reply ?" As a proof that such was the fact, he, 
the Chief Clerk, read to me the endorsement on the back 
of the report, which was as follows : — 

" This Repokt to be bead to Me. Binns. 
"All Cokrespondence on the'Sobject to be 
" DECLINED. — Signed, Henrt Cole." 

It is really difficult to conceive that anything so 
thoroughly despotic in its character as that document, with 
its endorsement, could emanate from Englishmen ; and 
surprising, if the Lords of the Committee of Council on 
Education should allow such a mean attack to pass 
unnoticed. It is not surprising, however, that Mr. Cole 
should wish to decline all correspondence on a subject 
which neither he nor his coadjutor understands. It is 
unnecessary to comment on such a cowardly attack. 
Suffice it to aay, I wrote several letters, requesting to be 
favoured with a copy of the report, which was refused me ; 
but I was promised that the " errors and corrections so 
much needed " should be noticed ; and I ultimately received 
a copy of my book, in which this learned Inspector for 
Science had written opposite the Problems in Chapter X. 
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certain marginal notes, all of wliich were answered in a 
letter addressed to Mr. Cole, on the 15tli of April, 1861. 
As that letter was never replied to, I propose, for the 
benefit of those who take any interest in the notes and 
queries of an Inspector for Science, to give such notes in 
lull, with a copious extract from mj reply to each note 
and query. 

The heading of each Problem is printed in italics, 
89 in the body of this book. 

Problem XLVII. 
To find the envelope of the curved surface of a semi- 
cylinder. 
Science Inspeotor'3 Note. — "Todevelope the surface 

of a cylinder." " Why of a semi-cylinder ? " 
Anb. — Becfluae, in tny opinion, it la not so eipreBBive as " to find the 
envelope of the corvecl em-face " of a aemi-cyliBder. I see no necessity 
for an alteration here, unless it is to omit the word ciii-ccd, as aupef- 
lluoua. 

No^E. — " Why of a semi-cylinder ?" 

Asa. — Because it was more conTenient to illustrate the projection of 
the Tiaible half of the cjlindet than the whole cylinder, which would 
have occnpied too roach space in the drawing. The projeotionii of the 
entire cjlinder are illustrated under the head of " ScrewB," as being more 
in accordance with the ejBtem I have adopted in this work, which ia, 
throughout, progressiTe, 

Phoblem XLVII I. 

Given the position of a point 021 the envelope of a semi- 
cylinder, to find its projection on the curved surface 
thereof. 

Note. — " ? " 

Ans.— In thia problem I observe that the words eitmlnpe and c'irved 
turfaee have been underlined, with a mark of interrogation ; but for 
what purpose I cannot understand ; and have oul; to remark that if the 
beading of this problem does not sulScientlj esplain what ia required to 
be done, the Grst four lines of the test do. For my part, I cannot see 
that the heading, Kkich is in accordance ivith the deji nitiunt, requires 
alteration. The only doubt I have in the matter it that the reviewer 
does not quite nnderatond the application of the leima, envelope and 
deeelopmeitt. 

Problem L. 

To find the envelope of the curved surface of a semi-cone. 
Note. — "To develope the surface of a cone; or, the 
development of a conical surface." 
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enTelope of the carved earfaoe oE a cone, or, as sngg^Bted, 7!i devclopi' 
thf lur/itaa of a cime, or the develop'iiKnt of a, caaioal liirfaue, would 
appear to the author of the Marginal Notes a matter of choice raChsi 
than oC Importance. I, therefore, object to such slteratiooi inasmuch 
aa the torm derctope is, I believe, used in its proper eenae in all tho 
prolilemfl. namely, to nnfold, or lay open to vieir upon the eavelopo, aoy 
given point or line on the surface of the cone or other object. I( I were 
to adopt tlie suggostioiis of my revieweiB, I ahould any, To dcvclopc the 
flurfocc of a cone, and, in the next place, develope a given point or line ; 
thereby involring an amount of repetition that would not only myatify 
the whole Bubjcct but sound very much like nuneeuBe. The heading is 
quite correct aa it etands, 

PHOBr^EM LI. 

Given the projection of a line on the curved surface of a 

semi-cone, to find the development of the line. 
Note. — " To find the line on the developed surface," 
The last five words of the heading were underlined, 
and the mark (?) attached. 

Ans.— The envelope ot a cone is anderatood, and tho problem requires 
the development of a line upon Ihe envelope, which ia clearly expreasad 
both in the heading of the problem and the test. 

Problem LII. 
Given the projection of a point on the curved surface of a 

semi-cone, to find the development thereof. 
Note. — "The development of a point? The position 
of the point on the developed surface is meant." 
Ass. — The critic oh this problem states, that the position of the peint 
on the developed gttrfa.ce U meant. Now, this ia jnst what was intended 
to be understood. The reviewer haa, therefore, pnt a right conatruction 
on this problem, aa oonfinned by his notea. He has failed, however, to 
show that there ia much need of correction in any of the problema, or 

Pboblem LIV". 

To find the development of a right line situated on the 
curved surface of a cone. 

Here again the words development, right line, and 
curved, are underlined ; then comes the following polite 

Note. — " Thia ia a hull." 
And, " The right line spoken of is the projection of an 
ellipse in a particular position. This mistake leads to 
some curious results." 

I may here observe, that if the above should turn out 
to be a raiatake, it will be the only one this sapient 
Inspector for Science haa been able to discover. Let us 
see how the matter stands, and on what grounds these 



lave been pleased to ignore the cxiatonce of this 
book. 

Asa.— Althongti the heailinf; of thin problem has been considered 
erroDeoQS, 1 contend, that the line b f (No. 4, plate B.) ia properly called 
a rielit line. It is manifest that it cannot be called a carved line ; 
neittiGr can it he called an ellipse, anj more than it can be called a 
circle, wkioh, if seen at one particnlar angle, would be its projection. 
The right line h /, for snch it in, can be projected into any number of 
ellipses, the transverse diameters being' either parallel or perpendicalor 
to the vertical plane ; or it may be projected into a circle j but its pro- 
jection, as sbown on the eurface of the cone, is, nevertheless, a right 
line, and cannot, orthographical 1y. be called anything else. We can 
Buppoae it to be an ellipse, or a circle ; but it would be moat incorrect to 
call it either one or the other. I have not forgotten, sir, that page 133 
of my book ia the one mentioned in Captain Dunuelly'ri Beport, and the 
right line, which the captain has not Rhown to be a curved one, is the 
great mistftlce which, I sappoee, is to seal the fate of my book, and leave 
the poor unfortunate students once more in the dark, to grope their way 
with that gentleman who (as stated in the lleport) has bo nobly aBsiated 
the captain in putting my work on the ahelf . 

I am obliged for having had my attention directed to this problem, 
notwithstanding it might have been dOne with less severity. Eeally 
one would imagine these gentlemen, who have been gnilty of con- 
demning a book for one apparent mistake, must have the progroBB of 
science and the welfare of Btudenta very innch at heart, or they would 
not have been bo nice in the BJmpie question of a Hue, which is a right 
line aft-er all. But it ia ui^ed that the bosk ia nnacientijia ; in other 
words, I suppose the whole of the subject matter is too plain and simple. 
Had it been written in a style that nobody could nnderstand, it would 
have been hailed bj a certain class of men aa a very learned book, but 
of no more use for those for whom it was written than some of the 
works which the Department hare recommended. Whatever may be 
aaid of my work aa being unscientific, it cannot be said that I have 
requested the projection of an object with "one eome-r in. the paper and 
aiwther coi-iier to miich abase tlte paper i" neither have I requested the 
projection of objects in positions whitih are impossible. See Science 
Examination Paper for IStiO, where you will find such espressiona and 
mistakes emanating from men who are passing judgment on my work, 
and have been pleased to denounce it aa nnfit for the tjcience Depart- 
ment, notwithstanding they have not been able to point oat one ei-ror 
in, the text, which haa not even been allnded to. If Captain Donnelly, 
or his coadjutors, will be good eooogh. to direct my attention to the 
errors and unacientific expreasions, or point out wherein my work ia not 
calculated for inatructors, they will do me a favour, and have my beat 
thanks. Until that is done, I must consider it my duty, as the Master 
of Mechanical Drawing at the Department of Science andAit, on public 
grounds, to protest t^ainst the courae which the Inspector for Science is 
pursuing with regard to the subject of the elements of solid geometry 
and ita application to engineering drawing, and I repeat that the works 
recommended in the Science Directory are not calculated to ensure that 
BucuGss which is so characteristic of thia great institution. 

I am, &c., ka , 

To Henry Cole, Esq., C.B., &c, &c. W. BiBKa, 

To my first application to be fttrnished wltli a copy 
of the Report upon my book, I received the following 
reply ; — 



23r4 A 

Sir, — I mo directed to acknowleilBe the raoeipt of your letter of 
the Slat November, aud to inform yon that the Department cannot 
accede to jonr reque3t to be f nraislied with a copy of a RcjiuH viade i/ii 

On some fntnre occfuion. perhaps some of the errors of the book may 
be flpc^ifically pointsd out, and if ao you will be informed of them. 
I am, Sic., Sec, 

NoBMAH MacLeod, 
Wni. Binns, Es^, Amistunt Sccretanj. 

The last application to be furnished with a copy of the 
Report was as follows : — 

Hilda, Xllla, Ufaiadee, Nsicpert, MaiinwuthiMre, 

19th Jaiiwan/, I8C5. 

Sib, — In consequence of what haa transpired at the Department of 
Science and Art respecting my book, and the injustice of my forced 
retirement, I beg moat reepectfuliy to renew my request to be furnished 
with a copy of the Iteport written by Captain Donnelly, and read to me 
on the ICth of November, 18G0 ; or to have your assurance that my work 
on Orthographic Projection will, in future, be recommended by the 
Department aa a text-book for Science Btudenta, and that it will here- 
aEter be allowed to stand in justapoaition with other works of a similar 
kind, I am the more eumeat in thia request from the fact, that your 
Reviewera have aa yet been unable to detect the errors and mistakes 
complaloed of, neither have they thought proper to reply to my letter o£ 
the 15th of April, 18G1, particulars or the whole of which, together with 
Captain Donnelly's marginal notes in my book, it ia my intention to 
publish in the preface to the fourth edition, unless the above request 
can be granted, or satisfactory reasons assigned for omitting to give it a 
place in the list of other works recommended by the Department. 

Ton are probably aware that the Eight Honourable has 

apologised for the mistake be made before the Select Committee 
respecting the unfavourable review of my book ; and I hsTC now moat 
reapectfuUy to reqnest Captain Donnelly will do me the same juptice, 
or favour me with a reply to my letter, dated ISth of April, 1801, other- 
wise I shall feel bound, publicly, to justify myself from his animadver- 
aions. I have the honour to be, S;c., &c., 

To Henry Cole, Esq., Ac, &c. Wm. Binss. 

In answer to the above I received the following 
letter : — 

Science and Art Dcpa-rtineiit, 

ntk February, 1865. 

SiK, — I am directed by the Lords of the Committee of Council on 
Edncation to inform you that they have had under their consideration 
your letter of the 19th ultimo, and have no other answer to give than 
that already afforded by Mr. Poole's verbal- commvn'wation to you, and 
that contained in the Department's letter of the 23rd November, 18C0._ 

With reference to your observations on what you call your forced 
retirement, I am to remind you that your services were dispensed with 
because they were va longer required, and that, on the recommendation 
of my Lords, the Treasaiy took a favonrable view of your case in award- 
ing jou a superannuation allowance. 

Wm. Binna, Esq. 



After tlie receipt of this letter I wrote another, given 
below, which dosed the corrtispondence : — 

SUiJa Villa, Maiadee, Neii-jioft, MoiiinrnithiiJdre, 

ISth tiliniarij, I8BS. 

SlB,— I beg to acknowledge the receipt of your letter of the llth 
ioBtant, from whiol^ I gather that my Lords of the Ooramittee of Council 
cm Education are of opinion, that the ooarae adopted by the Department 
□f Science and Art in reference to myself and my work is one in which 
the Department is perfectly jnetilied, and atea in which their Lotdahips 
concur. Now, I very ranch regret that my opinion of their LordabipB ia 
tmch aa to cauae rae t« donbt their knowledge of the facta of my case ; 
otherwine, aa gentlemen, they wonid have given me the opportunity of 
resenting an insult, I must alao beg to inform yon that jour attempt t« 
paaa o£E bb ft "verbal communication" Captain Domielly'B waiTTEM 
Jtej/tiri, with joor vii-Englisk emhirae-mcnt, is timplj opposed, and jou 
must not ba surprised if, at iome future time, it should be called (or in 
another (juaTter, 

With reference to your reminding me that my Bervie«a were dispenaed 
with because tbey were no longer required, I would ask whether instruc- 
tion in Mechanical Drawing or the Mechanical Drawing Class was dis- 
pensed with at the time of msfarci'd rrtinrou-iit ; and, if not, to whom 
are the present instrnctors indebted for their knowledge, and the Depart- 
ment foi the system they tench 2 

I am, &c., 

Wm. DraNS. 

In explanation of the last paragraph it is necessary to 
state, that immediately after my retirement there appeared 
a new school prospectus, in which Mechanical Drawing 
occupied a prominent places and, notwithstanding that 
my services were said to be no longer required, on the 
ground of abolition of office, the Mechanical Drawing 
Class was reopened on the 1st of October, 1863, and three 
gentlemen, formerly my students, were appointed to dis- 
charge the duties of an office which, only the day before, 
had been abolished I! I am aware tliat such proceedings 
are quite legal ; but are tliey just ? This is not all ; the 
Department have ignored a book which ia used in all 
their schools, and given out as a prize — ^but, only to Art 
Students. Science Students, for whom it was expressly 
ioM(te7i, must not be allowed to read a work which is so 
very unscientific as to be easily understood. What next 
shall we hear ? Why, that Mr. Cole could before a Select 
Committee of the Ilouse of Commons unblushingly de- 
clare that this book was a work of Art, and therefore 
only fit for Art Mechanical Examinations. Perhaps he 
does not know any better ; but who ever heard of an Art 
Mechanical Examination? One would imagine that these 
savans, who are so nice about definitions, had discovered 
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an important distinction between Art Mechanical and 

Science Mechanical. 

Before concluding I would beg to remark, tliat the 
subject of this preface is not exclusively of a private 
character: it is a question of public interest, whether 
public officers should be allowed to invite students to 
attend e:£aminationa, and then " piuck " them because 
they fail to answer questions which are not treated on 
in the text-hooka they have recommended. What said 
Mr. Cole in his evidence before the Select Committee 
(see questions 274, 275), where he is asked whether they 
had not " made use of geometric technical terms of defi- 
*' nition which cannot be found in any class-book pub- 
" Kshed by, or under the authority of, the Department — 
" such as ' a spherical wedge or ungula of 45 degrees cut 
" ' from a sphere of 13-inch radius ? ' " 

To this question he replied, " Perhaps the examiner, not 
" being acquainted with the technical terms of the rule- 
" of-tkumb book, has used the more scientific terms of the 
" other book," that is to say, the especially recommended 
book, which is of no more use than the Greek Testament, 
would be to those who are invited to go up for the 
Mechanical Drawing Examination. 

Now, let us see what the working-men, the artisans, 
and others have to say about this " rule-of- thumb book," 
and whether their opinion is to be set aside by these 
South Kensington saoans. For this purpose I shall give 
a few letters, selected from a number which I have 
received since the publication of the first edition of this 
work, from men all of whom, with two exceptions, are 
unknown to me, and I am equally so to them except 
through this work. The first letter that I shall lay 
before the reader (although far from being the earliest in 
date) is from a person connected with one of the Science 
Schools : — 

9(A Jnae, 1863. 



hience closEea, and if you Lave publialied any aontimiatian of it, t< „. 
that upon the liet aUo. 

The books in the last liat which treated on any gabject in Qnrnp L 
were ao few in nnmber, and those not lo pnietical ai to he of muck seveice 
to mei'hiinifs, that I should Buppase no reasonahle objection can be nade 
to patting one or two such books us yours upon the list. 

Yours, Jtc, 
Mr. Wm. Binna, South Kcnaington Schoola, J. M. 



The preceding letter was received a few days before 
I left the schools. 

The next is from a Certificated Master : — 

\21h Oetober, 1857. 

Deab Sir, — I take this opportunity ol expreBaing mj Bcnse of the 
obligatioii whicb you Lave put me under, la common witli all tbe 
teacbera througbout the country, by the publication of your sdmirublQ 



To Wm. Binna, Eaq , &c 

Another letter is as follows : — 



e followed by a 



Sovthamjiton, 

nth Sfjitmiiier, 1800. 
Sia,— I hare stndiod yonr eicellent treatise on Orthographic Pro- 
jection with very great pleasoce. But as I wish to apply the principles I 
have acquired therein to the conntruction of toothed gear, I will require 
Bome anch work as you allude ta in your preface. If you hnve com- 
pleted No. 2, 1 ahouid he very happy to he informed where to get it. 

To Mr. Binna, ice. Q. N. 

The next is from a Working Engineer : — 

PeiUonville, London, 

24 Ma)/, 1859. 
Sib, — I take the liberty of wrighting to you, hoping yon will 
eiCQBe it for eo doing, I have pnrchased one of your books, and 1 liavc 
recered great benefit from it, and I cannot exproaa my feelinga enonghtt 
to meet your great kindness lor puting sncb a eoBreo before ns, I have 
been studying for years before I had your tiook, I have studied your 
book this last 12 niontba, and I have rec«ved more benefit than all the 



.e bef or 



n wille: 






being a poor man and ancbous to get on, and not able to attend your 
coureBs of instruoting ; if I oonld, I should gladly embrace the opper- 
tunity. 

Yonrs respeotly, 
To Mr. Bmns. J. E. 

The following was received from an Evening Student : 
2Wi Jane, ieC4. 

Dear Sir,— I have, as you are aware, neglected attending your 
class for several eveninga past. The fact is, I have lately bad an addition 
to my duties which keeps me engaged during the whole of the day, and 
frequently in tbe evenings. I had intended coming to-night, but have 
to go to Birmingham ; indeed, 1 find it quite impoasiblc, under present 
circumstances, to give that attention to yonr inatructionfl and lectures 
which the subject demnnda ; and I fear, therefore, I shall be compelled 
to diacontinue my attendance ; I cannot^ however, do so without bearing 
ray testimony to the talent you have displayed, aa also to the inde- 
fatigable perseverance and gentlemanly forbearaoce with whicb yon 
have conducted your class. 



la 



, &c., 



To Wm. Binns, Esq. 
I could produce additional evidence to the Siiiiie effect 
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as the foregoing, bat I think I have given enough to 
convince mj readers that Mr. Cole is a man of his word, 
and may therefore be depended upon so far as carrying 
oat a threat. Whether he is to be trusted with the 
mana£^ement of subjects which he does not understand, 
and allowed insolently to ignore a book which is used in 
every Art School in the United Elingdom, are questions 
requiring further consideration. 

WM. BINNS. 

Hilda VnxA, Maindee, Newport, Mohmocthshtre, 
I6th March, 1865. 



CONTESTS. 



CHAPTER I. 
Itliislration of the Plane) of Projection, 

Articles required by the sladent 

Explanation of the plancB of projection 

Instructions in the use of the T square nnd set sqiinre 

CHAPTER II. 
Projection from the Upper to the Lower Plane. 

The projection of a given point or line 

To draw the elevation anil plB.n of a iilack-lcad pencil 

Flans and BectionAl plans of simple objGi'ts 

Explanation of the objects 

Explanation of the section line and tho line of section 

CHAPTER m. 
Projection in the Upper Plane. 
Distinction between the plnn and clevntion of a line 

The projection of a point or line 

The elevations of a cube being given, to find the projection thereof . 

Error in the projection of the cube 

Projection of lines which roake any anglo with the intersecting line 
The projection of a rectangular block in the upper and lower planes 
To And the elevation and sectional elevations of a cuIk with blocks . 

Use of doited linei 

The elevation and sectional elevations of a hollow cube with blacks . 



CHAPTER rv. 
Projection from the Lower to the Upper Plane. 

Projection of a point or line 

Projection of a rectangular plate 

Distance of the object from the intersecting line 

Given the plan of a rectangular frame, to find the elevation 

Th-^ plan of a litglit of Flups being given. In find (he elevation . 



XXXIV 



CONTENTS. 



CHAPTEB V. 

On tlie Uie of SAndom or Shade Lina. 
Direction in wliiuh tlie light ia supposed to full . . . .14 
TliQ olfject oF making a distiuctioD in the tliickness of lines, and 

rules relating thereto 43 

Slmdow lines a,pplied to angular surfaces 46 

Cylindrical surfaces 49 

End of a cylinder 49 

CHAPTER VI. 
Frojectiort upon the Inclined Plane. 

Projection of objects on the inclined plane 50 

Belatiye positions of tlie vertical, ioelioed, and horizontal p!nnea , 51 

Theorems .52 

Use of the arrow for indicating tho direction of tnolion . . . 53 

The projection of a, point 54 

The projcciion of two points, or a, riglit line . ■ . . .55 

The projection of three points, or a triangle 55 

Employment of n datum line 56 

The projection of a. right line which is perpendicular to the inclined 

plane 57 

Itectangular block on tlie inclined plane 58 

Apparent motion or change in the poiition of a figure . 59 

Projection of two rectangular blocks 60 

Projection of a rectangular frame from given points on the inclined 

plane 63 

Elevations, plans, and sections of a cube on the inclined plane . 6o 
Elevations, plans, and sections of a, cube with blocks on the inclined 

plane TO 

Skeleton cube . . 76 

The projections of a flight of Ave steps on the upper and lower 

Inclined planes 76 

To draw a regular hexagon 79 

Projections of the hexagonal prisra 80 

The plan and elevation of a line being given, to End the angle which 

such line makes with the planes of projection , BS 

Generatrix and directrix of a solid BS 

CHAPTEB VIL 
On the Projeclion of Curved Liaei. 
elevations of b compound curved line, 



thereof 

Given two elevations of i 

line, to Snd the plan of 



And the plan 
curved line in combination with s right 



CONTENTS. XXXV 

Prnjections of tlie circle 9.T 

Projections of a circle mnkiiig nn nngle with tlie plsne of projection 95 

Ellipae, mode of (leacribing 95 

Elevation and plan of n circle nuking any angle with the places of 

projection 97 

Thoprojectionsof a sphere with twelve meridians and four pnrallclB 

on each side of the eqiwttr 9B 

CHAPTER VIIL 
The Projection of Come Secliona. 

Definiliona lOO 

The projection of a point on the surface of a cone .... lO) 
Given the elevation of a cone anil direction of the line of eection, to 

And the plan thereof 103 

Also sectional elevation at ri);ht angles to ttie line of Ecction, and 

plan of the sectional elevation t04 

To find the section of a cone, the direction of the visual rnya being 

at nn angle with the vertical plane ...... IPS 

Conic sections continued IDG 

CHAPTER IX. 

On the Penetralitm and Interaectirm of Solidi. 
Sectiana of a eylinder when cut by planes parallel and at right 

angles with the aiia 109 

Section of a cj linder when cut b; a plane obliquely to its axis . Ill 

Penetration of one cylinder by another Ill 

Fenetrationof cylinders of equal diameter, also when the ajtis of one 9 

cylinder makes an angle with the plane of projection . . .113 
Penetration of a cone by a cylinder, their axes being at right angles 1 IS 

Penetration of a cylinder by a cone 117 

Penetration of one cone by another cone IIS 

Projection of a point or line on the surface of a sphere .120 

Penetration of a sphere by a pone 122 

Penetration of an annulua or ring by a cylinder .... 134 

Sectional elevation of an annnlus or ring 124 

Penetration of a sphere by a cone, the axis of the cone making aoy 

given angle with the plane of projection 12.5 

To And the contour of the concavity produced by a sphere In contnel 

witha«>nc I2G 

CHAPTER X. 

On Vit Development of the Cureed Surfaces of Cylinders and Cones. 

Tofind the envelope of the curved surface of a cylinder . . .120 

Given a point on the envelope, to find its projection on the curved 

Rurface of the cylinder .... . 131 



xxxvi CONTENTS. 

PAGE. 

Given the development of a right line, to find its projection on the 

curved surface of a cylinder 130 

To find the envelope of the curved surface of a semi-cone . .131 

Given the projection of a line on the surface of a cone, to find its 

development 132 

The projection of a point 132 

To find the envelope or covering for a lamp shade or reflector . .132 
To find the development of a right line situated on the curved 

surface of a cone 133 

The projection of a proportional spiral on the surface of a cone . 134 

CHAPTER XL 

Examples in Practice, 

The pitch of a screw ... 135 

Development of the thread 135 

Projection of a square-top-and-bottom thread 136 

Sectional elevation of the nut 136 

Projection of the V-thread • . .137 

Projection of the double-thread screw 137 

Mode of making drawings of bolts for the workshop . . . .137 

Angle of the thread 138 

Table of the number of threads per inch, standard measure . .138 



ORTHOGBAPHIC PROJECTION. 



CHAPTER I. 
Illustration of the Planes op Pkojection. 



In commencing the study of orthographic projection, 
and its application to model, mechanical, and engineering 
di-awing, it will be necessary for the student to provide 
liimself with the following articles : — A drawing board of 
convenient size, say 24 inches by 17 inches, which will 
take half a sheet of imperial paper; a ^ square for the 
same; one 8-inch set square, angle 45°; one 9-incli set 
square, angles 30" and 60°; half-a-dozen drawing pins; 
an HH black-lead pencil; and some imperial cartridge 
or drawing paper : all of which articles may be purchased 
of any artists' colorman. With regard to instruments, 
only a pair of compasses with good sharp points will be 
required until the student has gone through the projec- 
tion of rectangular objects and arrived at that part of our 
subject which introduces him to the projection of curved 
lines, when he will be in a position to decide if the pro- 
gress he has made warrants the purchasing of a set of 
drawing instruments. 

Art. 1. — The planes upon which the objects are to 
be represented are called the planes of projection, and 
constitute the first subject for consideration. They are 



2 nRTIIfKiUAPHIC PROJECTION. 

three in number, namely, t)ie vertical plane, the horizontal 
plane, and the inclined plane. Those planes, however, 
which demand our immediate attention, are the vertical 
and liorizontal planes. 

As a familiar illustration of these planes, let tlie 
student imagine himself looking through a window at a 
house opposite. Such a view of the house would be in 
the vertical plane, as represented at A, Fig. 1. Now let 
him suppose that he is looking down upon the house ii-oin 
some elevated position. Tliia view would be in the hori- 
zontal plane, as shown at B, Fig. 1, which is a plan of 
the house. It may he stated, as a general rule, that 
all elevations of objects are to he represented in the vertical 
plane, and all plana of objects in the horizontal plane. 

Pig- 1- Art. 2. — The ver- 

tical and horizontal 

planes are generally di- 
vided by a line, called 
the ground line, or I'n- 
tersecting line of the two 
planes of projection. 
Let a c db represent a 
sheet of drawing paper 
npon which any object 
is to be delineated. In any convenient part of the sheet 
draw I L, the intersecting line : then will « i L 6 be the 
vertical plane of projection, and c i l rf the horizontal 
plane. Therefore, since the planes are to be considered 
as vertical and horizontal, they must necessarily be at 
right angles to each other. An illustration of this is 
exhibited at Fjg. la, which is a drawing in isometrical 
perspective of the two planes bent at right angles to each 
other at I L, the intersecting line of Fig. 1. It will 
sometimes happen when attentively examining Fig, la 
that the bend or angle i l will successively assume two 
appearancea, that of an internal and external representa- 
tion. This effect is most likely to be observed tf the eve 




ILLUSTRATION OF THE PLANES. 



3 



be directed along the intersecting line from i to L, when the 
angle a i c, or & L e?, will appear to change from internal to 
external in rapid succession. This circumstance, although 
it may be somewhat amusing, materially affects our propo- 

Fig, \a. 




/, 



sition, which supposes a I L & to be the vertical plane, with 
the arrow/ indicating the direction of the visual rays when 
viewing the elevation of the house, and c I L e? to be the 
horizontal plane, with the arrow g pointing out the direc- 
tion of the visual rays when viewing the plan of the 
house. In isometrical drawing, however, we have a plan 
and elevation in one view, and although its application 
may not be strictly correct in this particular case, it may 
be useful in demonstrating the proposition of the two 
planes of projection. 

Art. 3. — Should the reader still experience some 
difficulty in realising the relative position of the planes of 
projection, it is hoped that much of that difficulty will be 
removed by perusing the two following pages, — the book 
being turned for that purpose at right angles to its present 
position. 
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If the student will now raise ^^H 
the above page with the left ^^H 
band, as in the act of closing the Z ^^H 
book, so that the two pages are c ^^H 
at right angles to each other, he p ^^H 
will have a correct representation d ^^H 
of the relative positions of the ^ ^^H 
two planes of projection. -i ^^^H 


^^H Whdst the upper page is retamed in the position just mentioned, we will suppose a model, of the _ ^^H 
^^^H exact dimensions of the drawing, to be held in the right hand immediately above the plan, and exactly T ^^^| 
^^^H opposite the elevation. If, under these circumstances, imaginary lines be drawn from the corners ^ ^^^| 
^^H of the roof, chimney, and other parts, at right angles to the two planes of projection, such lines will " ^^H 
^^^H represent the visual rays, which in orthographic projection Rrcparallel to each oilier; and if the points ^^^| 
^^H where such visual rays touch the two planes of projection be united by right lines, such lines will ^^H 
^^H represent the orthographic projection of a house in plan and elevation. ^^H 


1 


1 1 

A, 


■ Again, that portion of the sur- 
face which is below the inter- 
secting line is called the lower 
or horizontal plane of projec- 
tion; and it is upon this plane 
that all plans of objects are to 
be drawn. 
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Aht. 4. — We will now consider the student to havel 
prepared his drawing board, and fastened down the sheet I 
of paper with drawing pins, which will answer e 
purpose until he begins the projection of elaborate figures, 
when it rauy be desirable to secure the paper on the 
board with glue, by damping its surface with water by 
means of a sponge, and gluing the edges to the drawing 
board- Previous to taking the aubject of the next chapter 
into consideration, attention must be paid to the follow- 
ing instructions in the use of the T square and set 
square : — Place the stock of tlie X square against the left- 
hand edge of tlie drawing board, and hold it firmly in that 
position with the left hand. Then, by sliding the X 
square along the edge of the board, and applying the 
l>encil to its upper edge, parallel lines may be drawn 
across the paper from left to right. These lines we will 
denominate horizontal lines. And by applying the set 
sciuare to the upper edge of the T square, as shown In 
Fig. 3, and sliding it 
along such upper edge, 
parallel lines may be 
drawn at right angles to 
the horizontal lines, that 
is, presuming the set 
square to be correct, in 
which case they will be 
at right angles to tha 
parallel horizontal lines, . 
and may therefore be regarded for the present as vertical 



lines. 



Fig. 3. 




UPON THE LOWER PLANE. 



CHAPTER II. 

Projection from the Upper to the 

Lower Plane. 



Problem I. 

Given the position of a point or line in the vertical plane, 
to find the projection thereof in tJie horizontal 
plane. 

Art. 5. — Let i l, Fig. 4, be the intersecting line of 
the two planes of projection, and a the given point, which 
is supposed to represent a line projecting from the vertical 
plane a distance of 3 Fig. 4. 

inches. Then, with the 
X square and set square 
applied as directed for 
drawing vertical lines, 
let fall a perpendicular 
line a be, from the point 
a, in the vertical or 
original plane,* making 
b c equal to the sup- 
posed length of the line 
a. Then will 6 c be fc 

the projection of the 
line a, as viewed in the direction indicated by the arrow, 



T 



a 



* The term original plane id used to designate that plane, whether 
vertical, horizontal, or inclined, which contains the points, lines, or 
figures to be projected. 
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which, in this aad tlie following propositions, we will 
suppose to represent the direction of tlie visual rajs, 
or the direction in which the figures to be projected ai'e 
viewed. 

Art. 6. — The difficulty experienced by many students 
in thoroughly comprehending the foregoing problem has 
frequently obliged the writer to dwell upon it at some 
length ; and when it is considered that there is scarcely 
a problem from this page to the end of the book in which 
the first does not find a place, it will be admitted that a 
knowledge of the principles which govern the projection 
of a single point or line is of the utmost importance. In 
order that the first problem may be clearly understood 
before the second is commenced, we will imagine the 
student to be looking at a wall, in which there is driven 
a nail or piece of wire, immediately in front of or in a 
direct line with the eye. It is manifest that such a view 
would be correctly represented by a point, dot, or mark, 
as shown at a, Fig, 4. But if the observer stood npon 
the wall, he would on looking down see the length of 
the naO, or, rather, the amomit of its projection from the 
face of the wall. If an imagi- Fig. ia. 

nary line be now drawn from 
each end of the nail to tlie floor, 
as a' b, a c, and 6 c be joined, 
then will & e be a plan of the nail 
as shown at Fig, 4a, which is 
an isometrical view of 
the subject of the first 
problem, Fig. 4. We 
must now take our 
leave of this descrip- 
tion of drawing, and 
direct attention to the folloiving article. 

Art. T.^The plan of any gioen point or line will in all 
canes be obtained by letting fall therefrom a vertical line, 
and makiti^ the length of the projected line in tlie horizontal 




UPON THE LOWK 



plane equal to the supposed lenglJi of the line represented by 
the gieen point. If the point represent a line of 3 inches, 
the plan of the line will be 3 inches ; and so on for any 
other length. 



aQ 



Problem II. 

To find the end elevation and plan of a hlack-lead pencil. 

Art. 8, — If such an object were held in a horizontal 
position, with the point directed to the eye, its appearance 
would be that of a circle p^^ g 

with a dot in the centre, 
as shown at A, Fig, 5, 
which may be called an 
end elevation. It is / 
now required to find the 
plan, or the appearance 
which a pencil would 
present, if viewed as di- 
rected for the projection 
of a point. From the 
two sides (or the ends 
of an imaginary hori- 
zontal line representing 
the diameter) let fall 
vertical hues, a b, c d, 
making them equal to 
the length of the pencil. 
Draw a c, forming the 
end of tlie pencil, and a line, b d, forming the base of 
the point, which is completed by drawing two lines, 
be,de, meeting each other at a suitable distance from the 
base. Then will a e e represent a plan of the pencil. 

It is not absolutely necessary that the lower view, a e c, 
should be in the horizontal plane, as the same might as 
consistently be drawn in the vertical plane; but of this 
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more will be said hereafter; tor tlie present it will be 
convenient to consider tbe upper figui'e as an end eleva- 
tion, and the lower figui'e as a plan. 



Problem IIL 

TJie end elevation of an object being given, to find the plan 
thereof. 

Art. 9.— The following Figures,-6, 7, 8, 9, 10, 11, 
represent the end elevations of a series of objects of wliich 
it is required to find the plan or appearance they would 
assume if viewed in the direction indicated by the arrow, 
which applies to all. 



.^-' 




Presuming the student has acquired a knowledge of the 
projection of a point or line, he will now have to deter- 
mine the number of lines composing each figure, and 
which of those lines would be seen if the figures were 
viewed in the direction indicated. 

In order to avoid repetition) the student is requested 
to bear in mind that when horizontal lines are mentioned, 
such lines are to be drawn with the T square, and vertical 
lines with the set squai-e, 

We will now suppose that each object in the examples 
Figs. 6 to 11 is three inches long, and that Figs. 6 and 7 
represent the end elevations of two beams of timber, one 
of which is vertical as rcsrards i|s sides, and the other 
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n 



Fig. t 



v 



Fig. 7a. 



is inclined to the vertical. It is evident, 
respect to Fig. 6, that the two upper comers 
would form lines, and their projection would be 
found as described in Art. 5. A plan of this 
figure will therefore be obtained \>y drawing 
from the points a and b, lines c rf, ef. Fig. 6a, 
Then will c d he the projection of the point or 
line a, and ef the projection of point or line b- 
Again, line df, in the plan, will be the projection 
of the line a t in the elevation, and will repre- 
sent that end of the object which is nearest the 
eye of the obaerver. In like manner, the line 
c e will be the representative of the opposite 
end of the object, or that most remote from the 
eye of the observer. 

With regard to Fig, 7, it is also evi- 
dent that the line formed by the lower 
comer or angle will not be seen if the 
object is viewed from above. The plan 
will therefore be obtained by drawing 
vertical lines from the points a, b, c. Fig. " 
7a, and uniting snch lines by drawing 
the horizontal lines d e, f g, at such 
distance asunder as will exactly equal the 
length of the object. Then will the 
figure or projection d f g e be a plan of 
the beam of timber, of which a & c is an 
end view. 

Art. 10. — It may be desirable in this place to guard 
the reader against an error committed by those who have 
had some practice in perspective drawing, when attempting 
an orthographic projection of Fig. 7, which tliey inva- 
riably draw as shown in Fig. Tb. This is incorrect, inas- 
much as it is neither a scenographic representation nor 
an orthographic representation of the object. To under- 
stand the reason of this it will be necessary to consider 
the difference betwixt perspective drawing or sceno- 
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graphic projection and orthographic projection. In draw- 
ing objects according to the principles laid down for per- 
Fig. lb. spective, the eye is imagined to be stationed 
y\ in one particular place, called the point of 
sight, from which all the visible parts of 
the figure are supposed to be seen. The 
lines representing anch parts are then made 
to vanish in some other point in the plane 
of the picture, called the vaiiisliing point. 
But with orthographic projection the case 
is very different, inasmuch as the eye is 
supposed to be in a direct line with every 
part viewed, or, in other words, to move 
over the object in such manner as to be 
directly opposite to every part represented. 
Tlie visual rays are therefore parallel ; 
whereas in perspective they converge to a point, which 
is called the point of sight. 

Art. 11. — Having thus cautioned the reader against 
any attempt at perspective in obtaining the plan of Figs. 
8, 9, 10, and 11, it is only necessary to add that Fig. 8 is 
an end view of two pieces of timber joined together in the 
form of a trough or V > ^ig' ^> ^^ ^"d view of a wedge- 
shaped piece of wood with a groove along its upper 
surface; Fig. 10, a sq^uare tute; and Fig. 11, a solid rec- 
tangular block or prism of the following dimensions, — viz., 
the larger part being 1^ inch long and 1 inch square, 
and the smaller part \\ inch long and | of an inch 
square, making together a figure equal in length to the 
preceding. It is now required to find tlie plan of these 
figures.* 

Art. 12. — In mechanical as well as in arcliitectural and 



• Before referring to Drawing .i, in wbielithe projection of the fore- 
going figures will be found, the atudcut is earnestly recotnraended to 
make the beat attempt in liis power with the above examples, after 
wliieh he niiiy conanlt the Drawing, to toat the aecoruey ofliis work. 
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Fig. 12. 



other descriptions of drawing, it is frequently necessary 
that some part or parts of the object should be " drawn 
in section." This is the technical phrase, and implies tho 
division of such part or parts from the remainder of the 
object. The representation of the parts so divided is said 
to be in section, and may be distmguished from other 
parts in a mechanical drawing by a aeries of equidistant 
parallel lines, termed section lines, generally di'awn with 
the set square at an angle of 45 , as shown in Fig, \'i, 
which is a section of Fig, 7, 
taken through the line a ft; 
this line is commonly called 
the line of section. 

The reader is requested to 
bear in mind, with regard to 
this and the following figures, 
that the upper portion, or that 
part of the figure which is above 
the line of section, is supposed 
to be removed, and that he Is 
looking upon the remaining 
part in the direction indicated 
by the arrow. Art, 9, It will, 
therefore, be evident that to 
obtain the section, Fig. 12, the 

lines 1, 2, 3, must be projected as indicated by the dotted 
lines. Having drawn these lines, and also those represent- 
ing the ends of the figure (as directed by Art. 9), it is 
only necessary to determine what part of the figure is 
in section, — such part being that only through which the 
line of section a b passes ; namely, from 3 to 3. There- 
fore, the corresponding part in the plan must be drawn 
in section in the manner described and as shown in the 
plan, Fig. 12, which is called a sectional plan. 

The student may now proceed with the sectional plans 
of the remaining figures, the lines of section being drawn 
through the points e f, g h, i k, and / m, see Figs. 8 to 11. 
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and when complete, tlie work may be compared with the 
sectional plans in Drawing A. 

Art. 13. — The object of a section is to show the 
internal configuration or arrangement and combination 
of parts of which anything is composed. As a familiar 
illustration of the application, let us suppose that a manu- 
facturer of black-lead peucils Jias to make a number of 
those articles to order. Now, since there are pencils of 
various forms and lengths, some with lead throughout, 
and others with lead extending scarcely more than half 
the length of the wooden part, it will be necessary in 
giving the order to explain these things, as well as any 
Fig. 13. peculiarity in the shape of the 

wooden part, which, for example, 
6 we will suppose to be of an 
elliptical form. The most con- 
venient mode of describing this 
little object would be by the aid 
— '- of a drawing, showing an end 
view and longitudinal section 
(that is, a section throughout its 
length), as in Fig. 13, where c re- 
presents the end view of one of 
tliat class of pencils whose loco- 
motive propensities over the 
drawing board and on to the 
floor are interfered with by its 
flat or elliptical form. In this 
figure, the breadth, thickness, 
and shape of the wood, as well 
as the strength or thickness of 
the lead, are clearly exhibited, 
The respective lengths of the 
wood and lead are given in the section, which is taken 
through the line a h, — the upper part of the figure being 
removed. 

Art. 14.— T!ic render will perceive that the section 
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lines in Fig. 13 are drawn in opposite directions. This 
plan is adopted in the sectional representations of objects 
consisting of several parts, for the purpose of more readily 
distinguishing one part from another. It not only im- 
proves the appearance of a drawing, by relicTing it of 
that sameness which would result from drawing all the 
section lines in one direction, but it is absolutely neces- 
sary when delineating objects composed of two or more 
parts, as will be explained hereafter. 

Art. 15. — It will be obserT'ed, with regard to the fore- 
going figures, that we have made use of two planes of 
projection. These planes are sometimes called the upper 
and lower, as well as the vertical and horizontal. In 
Drawing A, the figures contained in the first rows, which 
are said to be end elevations of certain objects, are in the 
upper plane ; and the iigures of the second row, which arc 
said to be plans of those objects, are in the lower plane. 
Now the sectional figures of the third row, being also in 
the lower plane, are called sectional plans of the objects 
in the first row. It will likewise be remembered that in 
order to obtain the projection of any given point or line 
firora the end elevation, a vertical line, as a b c. Fig, 4, 
was drawn from such point, and the projected line was 
called a plan of that point, because of its being below the 
original and in the lower plane. This is called projection 
from the upper to the lower plane. 
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CHAPTER III. 
Pbojection in the Upper Plane. 



Having explained the projection of points or lines in 
the lower plane^ called plans^ we must now direct atten- 
tion to the projection of figures in the upper plane^ termed 

elevations.* 

Fig. 14. 
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Art. 16. — Let No. 1, Fig. 14, represent the side eleva- 
tion of a cottage ; No. 2 an end elevation ; and No. 3 a 
plan thereof. Again, let the point a. No. 1, represent the 
end of the line forming that edge of the roof which extends 
along the end of the house. If from the point a we let 



* In the illustration of plans and elevations of right lines in the 
two planes of projection, the teacher will find a model or large diagram 
of some familiar object, such as Fig. 14, of great service. 
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fall a line, a b c, and make b c eq^ual in length to the 
■width of the roof, then the line b g will be a plan of the 
point or line a. Again, if from the point a, a. line, b' c, 
No. 2, be draivn paralltil to the ground or interaectmg 
line, I L, and h' c be made cq^ual to the supposed length 
of the line represented by the point a (which it haa been 
said ia equal to the width of the roof), then b' c will be 
an elevation of the point or line a. In like manner we 
obtain ef. No. 3, being the plan of the point or line /, 
No. 1 ; and g i. No. 1, the elevation of the point or line 
g. No. 3. 

Abt. 17. — It has been stated that if a given line in the 

vertical plane, as a. Fig. 15, be viewed in the direction of 

Fig. IS. the arrow 1, its projection, b c, will be 

a plan of a (Aet. 5). It will also be 

]i evident, from the preceding article, that 

I the original point or line 

^ / , may be viewed in the di- 

*~ ] "" ' recdon of the arrow 2; 

y. [ ^ '"^ which case the pro- 

"" " jection would be obtained 

as follows: — From a 
draw 6' e, parallel to the 
intersecting line ; make 
b' & equal to the supposed 
length of the line represented by point a : then will b' c be 
the projection of the point a. This is called projection 
in the upper plane ; and all objects in that plane are called 
elevations : therefore b' e ia an elevation, and i c a plan of 
the original point or line a. If the reader will bear the 
following article in mind, he will save himself much 
trouble in turning back and referring to that which ought 
to be engraven on his memory. 

Akt, \%.~-The elevation of any given point or line will, 
in all cages (unless it ia otherwise stated), be in a right line 
drawn from gueh point or line parallel to the intersecting 
line; the projected line being made equal in length to 
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the supposed or actual lenglh of line represented by the 
original point or Hne. 

Art. 19.— In finding the projection of any given line 
represented by a point, the first question which suggests 
itself is, what is the length of line represented by the 
original point? or, in other words, vhat u the distance 
from the original point to the point beyond it ? Simple and 
commonplace as this expression may appear in a work 
intended to illnstrate the practical apphcation of the prin- 
ciples of descriptive geometry, the question just proposed 
is one wliieh must be answered by the student before he 
can lay down the projection of any one given line. We 
shall not, therefore, otfer any apology for its frequent use 
in this work, but proceed with an explanation, 

AuT. 20, — The point a, Fip. 15, is supposed to repre- 
sent a line; and since a line must have length, there will 
lae a certain distance from a to the point beyond a, or the 
other end of the line. Now that end of the line which 
is beyond o is evidently the farthest from the eye ; there- 
fore the letter or figure used io denote a point or Hne, 
will generally refer to that end of the line nearest to the 
gye. It must also be borne in mind, with regard to the 
plan or elevation of a line, that Ote end of the projected 
line which w farthest from the original point tcill always 
represent that end of the original line nearest the eye. 
Therefore e is the elevation of the point a, and h' the 
elevation of the point beyond a. In like manner c is a 
olan of the point a, and b a plan of tlie point beyond it, 
or that cni of the line moat remote from the eye of the 
observer. ,„ . , , 

Art, 21- — "^ would hero impress upon the teacher 
that it is scarcely possible to give too many illustrations - 
f the projection of a single point or line ; and the more 
f "liar those illustrations can be made the better. When 
it Ts' remembered that the whole subject of orthographic 
ir the practice of making mechanical drawings, 

I is founded o 
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point or line, and that a finished outline drawing of a 
machine is nothing more nor less than a combination or 
multiplication of the principles contained in the foregoing 
paragraphs, it will be manifest that the projection of a 
complex object can never be satisfactorily accomplished 
until a thorough knowledge of the projection of a point 
on the lower and upper planes has been acquired. 



Given ike eleeaUon oj a cube, required (lie projection thereof. 



AltT. 22. — Let a b dc. No. 1, Fig. 16, represent the 
elevation of a cube, of which it is required to find the 
projection, or the appearance it would present if viewed 
in the direction indicated by the arrow. 

Before we proceed with the projection of this figure, it 
will be desirable to state that a cube is a solid composed 
of six equal sides or faces (viz., l, 2, 3, 4, 6, and the face 
beyond 5), with twelve boundary lines. Tlie student 
must not look upon No. 1, Fig. 16, merely as a square or 
superficial figure, but as a solid; and, in so doing, he 
will find that the face 5 is bounded by four lines, a b, a c, 
b d, and c d. The face beyond 5 is also bounded by four 
lines, corresponding to ah, a c, ^c. Again, the two faces 
5 and 6 are connected by four lines, a, b, c, d, represented 
by the corners of the square, thus making twelve boundary 
lines, equal in length to each other— that is, from a to the 
point beyond is equal to a 6 or a c. It is now required 
to find the elevation or projection of the cube as seen in 
the direction of the nrrow. 

C 2 



20 



ORTnOGRAl'UIC PROJECTION 



Art. 23. — From a draw e /, making e / equal in 
length to a b or a c: then will e f he the elevation of the 
line represented by point a. From each end of the line 
e f let fall a vertical line e %, / k; from b and d draw 
lines g h,i k : then will e t A / be the required projection 
of the cube. 




Art. 24. — The student may now exercise his powers 
of conception by looking at No. 2 as a solid, and endea- 
vouring, while 30 doing, to realise the twelve boundary 
linesj and to comprehend that the space bounded by the 
lines e g h f, is an elevation of that face of the cube 
numbered l, and the space bounded hj g ik h, an elevation 
of the face numbered 3. Also that the vertical line / k, 
No. 2, represents that face of the cube No. 1 nearest to the 
eye of the observer, or the surface between a and d; and 
in like maimer, that the vertical line e i is that face of the 
cabe which is farthest fi-om the eye (Art, 20). It must 
likewise be understood that h is the projection of the 
point b, and that there is a certain distance from A to the 
point beyond it, equal to b c; furthermore that /A is the 
projection of line a b, and that e g \a the elevation of a 
line beyond a b. / h may also be said to represent the 
lines a b and a c, because the line f h k represents the 
four lines ab,ac,cd, and b d. 



I 
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Aht. 25. — As doubtless the student now under- 

Btanda the relationship of the lines forming the two 

^'S- '^' elevations of a cube, \vb shall 

proceed with three sections, as 

indicated at Fig. 17, — the lines 

iwn through 

the points ii, 




cube which is on the left hand of the line of section is 
removed. 

Before the reader proceeds any further with the text, 
he is recommended to complete his drawing of the three 
sections, and then consult Drawing A, and the following 
paragraphs respecting them. 

Aet. 26. — Section through the line 1 I. This section 
is nothing more than No. 2, Tig. 16, with the line g h 
omitted, and section lines drawn as explained in Art. 12. 

Art. 27. — Section through' the line as. It is some- 
what remarkable, after an exposition like the preceding, 
that many students, when getting out this section, measure 
the distance from o to e, and lay that down as the length 
of line represented by the point e, as shown at /A i g, 
Fig. 17. In cases where this occurs the following ques- 
tions may be asked : — 

Ist. — What is the distance from a to the point beyond it ? 

Ana. — From a to b. 

2nd.- — What is the distance from c to the point beyond it? 

Arig. — The same as from a to b. 
Then a c represents an edge-view of one of the upper 
faces of the cube ; and a Hne drawn across that face at 
riglit angles to the plane of projection must be equal to 
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one of the boundary lines. Therefore the section/ hi g 
is incorrect. [See Drawing A.] 

Akt. 28. — As many of oiir students have a predilec- 
tion for representing tbe cube and other objects scenogra- 
piiically, for the reason that this method of deliiftating 
objects requires less mental labour than a system of 
drawing which supposes one line to be the projection of 
any number of lines, it may be of service to give some 
further explanation of this orthographic paradox. Let 
13 3 4, Fig. 18, represent the elevation of four lines, 
drawn at any given angle with the intersecting line, 
but parallel to the plane of projection. If we now sup- 
pose each line to be the same distance from the point, or 
rather points, of sight (for in orthographic projection there 
are as many points of sight as there are points to be repre- 
sented, because the visual rays are parallel — Abt. 10), 
they must necessarily be in the same plane. Diaw upon a 
Fig. la. 
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slip of paper, a c d b, any number of lines, as i, 3, 3, 4, and 
hold the paper in a vertical position before the eye. If the 
paper be now turned one-fourth of a revolution, on 6 d as 
an axis, we shall have an edge-view or elevation of the 
plane on which the lines are drawn ; and Its representa- 
tion will beaverticalline,e/; therefore e/will be the pro- 
jection of a c d b, or a, plane at right angles to the plane 
of projection. With this ocular demonstration before us, 
we can readily imagine the sheet of paper or right line 
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e f to contain the foiir tines wliicli have been drawn upon 
it. Moreover, it" lines be drawn parallel to the inter- 
secting line, througli the highest and lowest points iri 
the figure, as i; 1, A 4, and produced to i and k, then 
will yA be the projection or edge-view of that portion 
of the sheet from t to A on which the foui" lines are 
drawn: therefore g h is not only the true projection of 
the lines i, 2, 3, *, but of the sheet of paper also. It is 
likewise manifest that a plan of the four lines would in 
like manner be represented by the right line I m, sup- 
posing k h to represent the intersecting line of the two 
planes of projection. 

Akt. 29, — From the above illustration we may deduce 
the ibllowing important proposition : — 

Tliat whatever angle a right line may make with the 
intersecting line, providing it be parallel to the original 
plane, t/ie projection of such line in tliat plane will be in a 
right line drawn perpendicularly to the interaectirtg line, and 
the plan of such line will be parallel to the intersecting line. 

Art. 30. — We will now suppose the four lines in Fig. 
18 to be in the vertical plane, but not at the same dis- 
tance from the eye ; in other words, each line shall be in 
a different plane which is parallel to the original plane. 
Let the space between these imaginary planes be half-an- 
inch ; and let line i be in the first plane, or tliat nearest 
the eye ; line 4 in the second plane ; line 3 in the third ; 
and line 3 in the fourth plane. Required the elevation 
or projection of the four lines when viewed in the direction 
indicated by the arrow. 

Draw n n, o o, p p, g q, parallel to ef, and ha!f-an-inch 
apart, n n will therefore be the projection of the first 
plane, because it is nearest to the eye [read Aet. 20] ; and 
the projection of line i in tliat plane will be found as de- 
scribed in Art. 18. In like manner the projection of line 
4 will be 4' ; of line 3, s' ; and of line 3, 3'. Line i being 
a vertical line, its projected length will be equal to the 
original line. Lines 2, 3, and 4 being inclined or fore- 
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ahortened when viewed in the direction indicated by the 
arrow, we simply get their apparent lengths. 

Art, 31, — From this example we make the following 
deduction; — That an original plane, whether vertical, hori- 
zontal, or inclined, inay be supposed to contain any number 
of planes, and each plane any number of lines. 

Art. 32. — It was stated at the commencement of this 
work that all elevations should he drawn in the vertical 
plane, and all plana in the horizontal plane. The writer 
i3 desirous of impressing this upon the student, from the 
fact that he has sometimes met with highly-finished 
mechanical drawings in which the plan of the machine 
Las been above the elevation; whereas the rule is to place 
the elevation above the intersecting line and the plan 
below ; although it will be shown in a subsequent chapter 
that it is sometimes convenient to give an elevation in 
the lower plane ; but all such cases should be looked upon 

exceptions to the rule. 



Problem V. 



Given the elevation of a rectangular block, to find the 
projection thereof in the upper and lower planes. 

Akt. 33. — Suppose Fig. 1 9 to represent a block of wood 

Fig. 19. i of an inch thick and 1 

inch square, — that is to 

) say, the line represented 

j by the point a, or distance 

from a to the point beyond, 

is equal to a 6, or 1 inch. 

Required an elevation and 

plan of the figure, which 

makes an angle of 45° with 

"~ the intersecting line. 
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It will be observed that the above figure is nothing 
more than a repetition of Fig, 7a, with the addition of an 
elevation, which the student will readily succeed in 
obtaining if he thoroughly understands the projection of 
a point or line in the upper and lower planes. (Aet. 17.) 

Art. 34. — Presuming the plan and elevation to have 
been worked out, it should be remarked that the plan 
bears the same relation to the plane upon which it is pro- 
jected as the elevation does to the intersecting line; — i. e., 
the upper and lower faces of the figure in the plan, as 
well as its upper and lower edges, make au angle of 45° 
with the plane upon which it is projected, namely, the 
horizontal plane; and the same faces in the projected 
elevation of Fig. 19 will form an angle of 45° with the 
vertical plane of projection. It may be further stated 
that the front edge of the block (bounded by the lines 
a b d c) and the corresponding edge beyond it are parallel 
to the vertical plane; but the remaining edges ("repre- 
sented by the lines a c, b d), and the two faces a b and c d, 
are at right angles to that plane. 

Art. 35.— From the above article it follows that any 
plane represented by a single right line must necessarily be 
at right angles to the plane on which it is projected. 

The foregoing propositions may be illustrated by the 
teacher with a piece of white cardboard, 5 or 6 inches 
square, applied with one of its edges against the black 
board, 

We shall now consider the elevations and sectional 
elevations of a cube (Art. 21) in combination with the 
rectangular block just explained (Art. 33), supposing 
that the student has worked out the projection of both 
subjects. 
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Given a cube with a block 
and teclional projections 

Art. 36. — Let 
Fig. 20 represent 
a cube, upon each 
face of whicfi, 
and in the centre 
thereof, there is a 
r(2ctangulur block. 
Required the ele- 
vation or represen- 
tation of the cube 
and blocks when 
viewed in the direc- 
tion indicated by i 2 
tlic arrow a. 

Before wo proceed witli the projection of this figure, it 
may be necessary to remind the student that a cube has 
six faces, and consequently there must be six blocks: five 
only {i', 2', a', i', 6) are seen in Fig. 20, the sixth block 
being on the other side of the cube and directly opposite 
to block 6. It must likewise be understood that all the 
blocks are of the same thickness; — that is to say, the 
blocks 5 and stand out or project from the face of the 
cube to the same extent as the blocks 1', s', 3', and 4'. 
In other words, the face of block 5 is parallel to the 
plane of projection; the face of the cube s," is also parallel 
to the plane of projection; and the distance between these 
two faces is equal to the thickness of the block 1' or a'. It 
must also be borne in mind that the blocks 1', e', 3', and 
i' are in the centre of the respective faces of the cube on 
which they are shown; — that is to say, if the cube were 
viewed in the direction indicated by the arrow b, its ap- 
[itarance would be precisely the same as that which is 
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presented to tlic eye of the reader, who m now requested 
to produce the elevation wlien viewed in the direction of 
the arrow a. If he have succeeded in comprehending the 
foregoing esamples, it is hoped that he will not fail in his 
attempt to obtain a correct elevation of Fig. 20; after 
which, he may proceed with the five sectional elevations 
on the lines 1 1, 9 8, 3 3, 4 4, 5 s. " 

Akt. 37.— It will be observed that, to avoid confusion, 
the lines of section have not been drawn tlirough the figure. 
Let it be understood, however, that each line of section is 
to be drawn in full before the section is commenced, and 
that the part of the figure which is on the left hand of the 
line of section is supposed to be removed, the remaining 
portion being viewed as indicated : for example, in the 
section taken through 5 5, the lower half is supposed to 
be removed, and a sectional elevation of the upper half is 
required. 

Presuming that the student has made an attempt at 
the work laid before him, we shall now proceed with an 
explanation of the elevation and the third section, — first 
remarking that the accuracy of his work may be tested 
by a comparison with Drawing B, on which all the 
sections will be found. 

Mode of 'jetting the elevation of tJie cube token viewed in 
the direction indicated hy the arrow. 
^^^^^ Abt. 38. — From the points a, b, c. Fig, 21, draw lines 
^^^^^Ka' a', b' b', and c' c', making a' a', &e., equal in length to one 
^^^^^Bi^ the boundary lines of the cube ; and from the points 
^^^^V a' a' let fall vertical lines o' c', a' c'. Tiien will a' c' e" a' be 
^ ail elevation of the cube (Art. 23). 

I Now, it has been shown that the distance from d to the 

^L point beyond it, or length of line represented by the point 

^B d, is equal to d e, because the block is square ; and it has 

^1 been stated that the several blocks are in the centre of the 

^f respective faces of the cube!: therefore the elevation of 
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d?, e', from those points, and placing them in the centra o 
the face of tlie cube, — that is to say, equidistant from the 
lines a' c', a' c, representing the lateral faee» of the cube. 
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The student must alao understand that when two planes 
intersect each other, the point of intersection will form a 
line (Art. 11, Fig. 8); consequently there will be a line 
at the point /, because we have the lower edge of the 
block e /meeting the face of the cube: therefore from/ 
draw the line/'. If vertical lines be now drawn from 
each end of the lines d^ and /', as shown by the lines 9 3, 
3 3, on the lower face of the cube, the projection of the 
block will be complete. A very common error is that of 
drawing the lines d', e', /" across the face of the cube. We 
have now to find the elevation of block 5 and the one 
beyond it on the opposite face of the cube. 

Art. 39. — As it is desirable in a work of this descrip- 
tion to avoid as much as possible the use of figures and 
letters of reference, the student should remember that 
the lines a' c\ a" o', will in future be said to represent 
the lateral faces of the cube. In like manner, the lines 
a s, 3 3, represent the lateral edges of the block. It 
will be observed that the blocks which require to be 
represented are those standing out from the lateral faces 
of the cube. The face of the block numbered & is 
parallel to the plane of projection, and the face of the 
cube, of which it forms a part, is also parallel to the 



IN THE UPPER PI-ANE. 29 

plane of projection. Now the projection of all planes 
which are parallel to the original plane must be right 
lines (Art. 28); and the distance between the face of 
block and face of cube will be equal to the thickness of 
block. Therefore, from the points g, h, i, draw lines 
g', k', t', in length equal to the thickness of the block ; 
through (/', h', i', draw a vertical line to form the lateral 
face of the block (as shown in the representation of the 
sixth block on the opposite side of the cube); and the 
projection of the cnbe, with blocks, will then be obtained. 

Art. 40. — In considering the sections of the cube, 
the student will be thrown to a considerable extent upon 
his own resources, inasmuch as an explanation of each 
section would be attended with an unnecessary amount 
of repetition. We accordingly purpose to give a full 
description only of the third section of this figure, and of 
the fifth section of the succeeding figure, representing a 
hollow cube. 

Commencing at point i of the third section. Fig. 22, 
we get the line i' i", which is equal in length to one side of 
the block ; and from point 2 we get the line 2' 2', of the 
same length. Having got these lines, draw vertical lines 
from each end of the line l' l', to represent the lateral 
edges of the block. 

Ve now come to point a. The line represented by 




this point would extend from one side of the cube to the 
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other if there were nothing to intercept its course ; but 
since the block forms a part of the cube, and projects 
from the centre of its face, it will be evident that the 
line will only extend between the edges of the block and 
the sides of the cube. Therefore, from point 9, draw 
lines, commencing at each edge of the block at the points 
8" 3', making those lines equal in length to a b or a c, 
because that edge of the block marked / is farther 
from the eye than that face of the cube raai-ked g, by 
the distance a b or a e: then as the line 3' 3', on each 
side of the block, is equal to a ft or « c, the entire 
distance S" 3' will be equal to the length of one of the 
boundary lines or faces of the cube. From points 3*, a', 
let fall vertical lines representing the lateral faces of the 
cube. Find the elevation of the remaining portions of 
the blocks projecting from the lateral faces of the cube 
by drawing lines from points i and 5, making such lines 
equal in length to the thickness of the block, as before 
described. The lower part of the figure being simply a 
repetition of the upper part, it only remains to be said 
that the section of the cube with blocks commences at 
point a, and terminates at point e. Those portions of the 
blocks from 1 to 2 and from 6 to 7 being in elevation, are 
not interfered with by the line of section. [See Drawing B, 
on which will be found the remaining sections.] 

Art. 41. — Before we proceed with the next figure, it 
will be necessary to direct attention to the use of dotted 



tines, thus : 




Lines 



of this description are employed to indicate the direction 
of the visual or projecting rays, as before explained ; 
but their principal use is to represent some object 
which is behind another object. As a familiar illus- 
tration, let us suppose that the elevation of a fire-place, 
with inantel-piece, &c., is required, and that it is also 
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f to show tliB breadth and direction or course of 
the flue. In this case the flue should be represented by 
dotted lines, because it cannot be seen. The rule, there- 
fore, is simply thia: — All objects which are visible must 
be represented by full lines; but those objects which are 
not visible, and yet require to be represented, must be 
drawn in dotted lines. In the case to which we have just 
referred, the dotted lines supersede to some extent the use 
of a section, inasmuch aa the direction of the flue could 
not conslBtontly be represented by full lines if the drawing 
were intended to show an elevation. 

Art. 42. — Dotted lines are sometimes employed as 
section lines in the following manner : — Suppose 
Fig. 23 to represent the section of a Fig- 23. 

piece of wood in combination with two 
pieces of iron or other metal. It is 
necessary in the first place to draw the 
section lines in opposite directions 
(Aht. 14); and in order to distinguish 
the wood from the metal, it is the practice 
draughtsmen to make every other section line of the wood 
a dotted line. The section lines of wood are, however, 
frequently drawn in color, such as burnt or raw sienna ; 
but in engravings this is impracticable, so that it may be 
desirable to adopt the above practice as a rule, 




Problem VII. 



^So find the elevation and sectional elevations of a hollow 
cube with projecting blocks. 

Art. 43, — Fig. 24 represents a box or hollow cube, on 
each face of which, and in the centre thereof, there is 
a projecting hollow block or rectangular tube, communi- 
cating with the inside of the cube. The extent of the 
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openinga and the thickness of wood whereof the object is 
composed are clearly shown by the dotted lines. It is 

No. 1. No. 2. 




now required to produce the elevation and sectional eleva- 
tions, of which there are five, — the lines of section being 
drawn through the same points as directed for Fig. 20. 

Art. 44, — Having got the projected elevation of the 
cube -with blocks, as directed in Art. 38, we have simply 
to get the elevation of the opening, which is nothing more 
than an elevation of a square or rectangular tube, making 
an angle of 45° with the intersecting line, and conse- 
quently, when projected, an angle of 45° with the plane of 
projection (Art. 34). On referring to No, 1 in the above 
figure, it will be perceived that the size of the opening, in 
the centre of the square block, is shown by full lines, 
because, in this view of the cube, the opening is presented 
to the eye. Now, on looking at No. 1 in the direction 
indicated by the arrow, it is evident that a line represent- 
ing the upper edge of the opening would be seen at point 
1, and that its lower edge would be seen at point 4; 
therefore from point i draw the line a i, and from point 
4 the line 3 4. If the thickness of the wood composing 
tlie tube be now set off from each edge of the block, and 
vertical lines be drawn through those points to represent 
the aides of the opening, the length of the lines 3 i and 
3 4 will be determined. 
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'here remains another line to be drawn, namely, from 
the point a ; for if the edge of the X square he placcil 
upon that point, it will be found to occupy a position 
between points i and 4; — that is to say, if the fijfiire 
were viewed in the direction indicated, we should see 
through the opening and into the inside of the cube ; and, 
consequently, we should perceive a line at point a, con- 
stituting the inner edge of the upper side of the open- 
ing. Therefore, from point a draw the line b c ; and the 
elevation of the upper half of the hollow cube will be 
complete. 

It is desirable to guard the student against a very 
common error which the writer has frequently had occa- 
sion to correct, namely, that of drawing a line from the 
point in the dotted line i a where it passes the boundary 
line of that face of the cube on which the block or tube 
1 * is placed. If the cube and block were distinct, or 
composed of different materials, such a line would then 
be correct ; but as the block forms part of the cube, it 
would be incorrect to draw such a line. 

Art. 45. — It is a common practice, when space is an 
object, to show one half of a fignre in elevation and the 
other half in section ; but the student is recommended to 
complete the wliole figure as an elevation, and then pro- 
ceed with the first section, which, for the reason just 
stated, wo have exhibited as the lower half of No. 2, 
Fig. 24. 

Akt. 46. — We must now presume that No. 1, Fig. 24, 
is divided by the line of section a b, and that one-fourth, 
on the left hand of the figure, is removed. Perhaps it 
would be more convenient to suppose the line of section 
to bo produced and half the figure removed. If this 
were the case, we should then have a section showing 
the inside of the cube now to be explained. 

Taking d, the highest point in the line of section A B, as 
the first for illustration, it will bo necessary to consider 
what length of line would be produced if the cube were 
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dividwl at that point by a piano cutting through t!ie 
Bcveral points from A to B ; in other words, wliat is the 
distance from point d to the next point Iwyond it ? 

Ill the first place, we have got a cubical box, made of 
wood or other material, of the thickness represented by 
dotted lines; consequently, if we set off that thickneaa 
from each side or lateral face of the cube, and let fall 
vertical lines, A, i, j, k, through those points, we shall then 
have two lines representing the inner faces of the cube. 
Now, the line d extends from the inner face of the cube 
to the outer face of the tubular block ; therefore, from d 
draw the line d d. No. 2, and do the same on the opposite 
side of the cube. 

It will bo remembered that the points e and ff were 
obtained when getting out the elevation, so that we have 
only to notice the point f, which represents a line extend- 
ing across the inside of the cube ; therefore, from point 
/driiw k if and put in the section lines as shown. 

The next question is, what should we see inside the 
cube if one half were removed? Manifestly the points 
m, n, (which have already been described in the shape 
of the like points, i, a, i), representing an opening in the 
centre of the cube, as shown in No. 2. 

Art. 47.^It is presumed that during the reading of 
this book the student is occupied with his pencil in 
putting down each line as it is described, and that he 
never makes a line without understanding its meaning. 
It would be an easy matter indeed to copy a number of 
mathematical symbols ; but such a practice would never 
make a mathematician : neither would the practice of 
copying mechanical drawings or the examples given in 
this work make a mechanical draughtsman ; although 
in course of time he might be able to produce a very 
elaborate and highly finished piece of work in the foi-m 
of a copy of another drawing. Our object, however, 
ia to produce something more than a mere copyist ; and 
if the practici? here pointed nut be perseveringly fol- 
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xl, it ia confidently hoped that by the time the student 
has gone through all that the writer intends to lay before 
liim, he will take a higher position than the person who 
has acquired his knowledge of mechanical drawing by 
copying or imitation rather than by the study of its 
principles, 

AttT. 48. — In getting out the sectional elevations of 

tho hollow cube, the teacher will invariably find that the 

Fig- 25- first point in the fourth 

section is a great stum- 

f i * bling-block; that many of 

' -- ■ I Ms students will persist 

ill drawing a line, as a b 
(Fig. 25), to represent the 
section of that part of the tube from which 
the line is drawn. In such cases it is 
desirable to lead the student to a know- 
ledge of the true projection by giving the 
following illustration (Fig. 2G), which I'e- 
prescnts a tube 1 inch square, and 2 inches 
long, the size of the opening or interior being sliown by 
dotted lines. Required, first. Fig. 26. 

the elevation; secondly, a sec- 
tional elevation taken through 
the line a b; and thirdly, 

a sectional elevation taken _^ 

througii the line c <^. It 
will then be found that the 
line of section at the point 
alluded to does not extend ^1 

across tlie figure, but is re- 
presented by two lines. Should any of our readers 
make the same mistake, let tliem try the above solution 
before they refer to Drawing C, on which the fourth section 
will be found. 

Art, 49. — We will now proceed with an explanation 
of the fifth section (see Fig. 27, Plate 1), first remarking 
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that all the sections have been so arranged that the fifth 
section, although by far the most difficult, contains nothing 
more than will be found in one or the other of the pre- 
ceding sections ; as a general rule, therefore, the student 
is expected to go through the fifth without the aid of his 
instructor. 

Inaamuclt as this section forms a key to all the pre- 
ceding sections, it will bo necessary to dwell upon it 
at considerable length. There are certain portions, how- 
ever, which may be left to the comprehensive powers 
of the student, to avoid the use of additional letters of 
reference. 

Art. 50. — It is now presumed that the lower half of 
I the cube is removed, and that the upper or remaining 
half is viewed in the same direction as before. It will 
I be remembered that points i, 2, and 3, No. 1, which are 
[ represented by lines 1' 1", s* 2", 3' 3", No. 2, were described 
when getting out the elevation ; we shall, therefore, com- 
mence with point 4. If the block were solid, this line 
would extend across its face, and its length would be 
equal to one. side of the square ; but since there is an 
opening throiigh the block to the inside of the cube, it is 
evident that a plane passing through point 4 would pro- 
duce, ill the section, two lines, each being in length equal 
to the thickness of the sides of the tube. Having got 
the elevation of lines 1, a, and 3, and determined their 
lengths (Aet. 44), let fall from the end of each line 
vertical lines, which will represent the lateral faces of the 
cube and tube, and the inner faces of the tube; the latter 
being represented by the vertical lines drawn from 3' 3", 
Since the vertical lines from points a' 2", 3' 3", represent 
those sides of the tube wliich are cut by the line of section 
at point 4, it is obvious that the projection of point 4 will 
be 1', and that 4" will he the projection of the line beyond 
point 4 which is on the farther side of the tube from that 
seen at No. I. 

We now come to point 6. If the figure were a plain 
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siolid cube, the line of section at this point would extend 
across its face (Art. 40); but its cotirse is interrupted [see 
point 3 in the third section. Fig. 22], and consequently the 
projection of point 5 will commence at s' and terminate 
at the block ; and on the other side of the block the line 
will extend to s". 

The next point cut by the line of section is a dotted 
line, representing the inner face of the cube, marked 6, 
This line, like that at point 4, would extend across the 
inside of the cube were it not for the opening, which 
interferes with its course; consequently the line will 
commence on the inner face of each side of the cube and 
terminate at the opening. Therefore, from each lateral 
face of the cube set off its thickness, and draw vertical 
lines, a b, c d ; from those lines draw a 6", c (/; and the 
section at point 6 will be obtained. 

Point 7. The line of section at this point projects 
from the lateral faces of the cube a distance equal to the 
thickness of the block [see points i and 6, Fig. 22]. 
Through each end of the lines drawn from point 7, marked 
7,' 7," draw vertical lines, e f, g h, representing the ends 
or lateral faces of the tube; and from point 8 draw the 
lines g i, e 8. It will be perceived, on referring to No. 1, 
that the part 7 8 of the tube, and also the portion from 4 to 
2, as well as the face of the cube from 5 to i, are not inter- 
fered with by the line of section, and are therefore shown 
in elevation. 

The 9th point represents a line extending from the out- 
side of the tube to the inside of the cube, as described 
with reference to point a, Fig. 24, and represented in 
No. 2 of the present figure by the line 9* 9". Again, 
point 10 in the section is the same as 0; point 11 is the 
same as 7 ; 12 is the same as 6 ; and 13 is the same as s. 
The length of the lines from point 13 is determined by 
letting fall vertical lines from a* a", to represent the out- 
side of the lower tnbe ; and if similar lines be drawn 
from 3" a', representing the inside of the tube, the extent 
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of tliose lines will be determined by drawing a line from 
point 14, which ia the same as 4. We may now put in 
the section lines, which commence at point i and termi- 
nate at point 0, and commence again at point lo, termi- 
nating at point 14, as shown in No. 2. 

We have yet to consider what will be aeon inside the 
cube when the lower half is removed. In the first place 
we shall ace the lines indicated by the points k, I, m, n, o. 
These lines, it will be remembered, represent the angular 
edges of the aperturea, and are therefore of the same 
length as the line s" 3' ; and since the openings are in the 
middle of tlie cube, the projected liiioa drawn from those 
points will be immediately below the Hue a" 3'. Therefore, 
from points k, I, m, draw lines ; and produce the vertical 
lines from points a" 3' to meet the line from m, in m" m'. 
Draw similar lines from n and o; and produce the vertical 
lines representing the inside of the opening to meet the 
line from n in n" n'. From the point r, or a, draw a line 
across the cntii'e figure, aa /, s', r". Tliis line, it will be 
observed, is the representative of three lines, — ^namely, 
the line from point r to tho point beyond it (that is, from 
tlie outside of the tube to the inside of the cube), the cor- 
responding line on the other side of the figure, and the 
line from point g to the point beyond, which extends 
across the inside of the cube. This is only true when 
the diagonals of the cube are vertical and horizontal, in 
which case the points or lines r and s coincide ; but in 
any other position they would be projected into three 
distinct lines. 




PLATE 1. 



r 

i 



A^^ 2 . 




J.W Lovir\ IV 



FROM THE L0W1:K TO THE UPPEIJ TLANE. 



CHAPTER IV". 

Projection prom the Loweb to tub Uppbe 
Plane. 



Art. 51. — It has been shown that the two pkiiea of 
projection are at right aiigl«3 to each other (Art. 3), 
Consequently, if any given point, a, in Fig. 2S. 

the horizontal plane be supposed to re- 
present a line, the projection of that line 
in the vertical plane would bo found hy 
drawing from the given point a 

line at right angles to the inter- _^£ 

secting line, as a a', and making 
a' a" equal in length to the sup- 
posed length of the line repre- i, 
sentod by the point a. In this 
case a represents a plan of a line T 
at right angles to the plane of I 
projection, and 1/ a" the elevation of that line, which is 
parallel to the plane of projection. 

AsT. 52. — If this book be now inverted or turned 
upside down, the reader will see that the foregoing pro- 
position is just the converse of that given in AiiT. 5; 
for, in that position of the book, a becomes the elevation 
of a point or line, and a! n" the plan of that line. It is 
proposed, however, to give a few examples of projection 
&om the lower to the upper plane, in order that the 
student may become familiar with some objects which in 
Chapter VI. will be projected upon an inclined plane. It 
is also of importance to remember that when an eleeathn 
only of an object is required, the principle contained in 
the following propositions will in all cases apply; but 
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wLen tile projection of an object is required on the inclined, 
plane, the case will be very diSereitt, as will be hereafter 
explained. 



TTieplan of a rectangular plate being given, to find t/ie 

elevation. 
Art. 53. — ^If the lower part of Fig. 29 be supposed to 
Pig, 29. represent a plan of a rectan- 

gular plate or sheet, abed, 
of paper, tin, or other like 
material, parallel to the lower 
-- plane, its elevation will be 
reprtisented by a. right line 
drawn between the verti- 
cal lines projected from the 
points a and c. Then will a' </ 
be an edge view or elevation 
of the plate abed, which is 
parallel to the lower plane, 
and at right angles to tbe upper plane (Art. 35). 

Art. 54. — If we suppose the rectangular figure to be 



the plan of a block of i 
Fig. 3 




lod or stone, instead of a plate, 
the points a, b, c, d, will then 
represent lines, each being in 
length equal to the thickness 
of the block. In obtaining 
the elevation of the block, as 
at Fig. 30, the plan is sup- 
posed to be viewed in the direc- 
tion indicated by the arrow. 
In this case the points a, b, c, 
only are seen ; and their pro- 
jectioii is obtained as already 
described for the projection of 



(Art. 61). 
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Art. 55. — Now the elevation of point b is i/, that of c, (/, 
iind of a, a'. Again, point b' is nearer to the eye of the 
observer than point a' or c' ; and b is the plan of ?/. 
Tlterefore all those points which are nearest to the eye in 
the eleoation will in the plan be farthest from the intersect- 
ing line; and, conversely , all those points which are farthest 
from the eye in tJie elevation will in the plan he nearest to 
the intersecting line. 

Art. 56. — The writer has repeatedly been asked what 
distance the elevation should be above the hitersoctmg 
line. In reply, it may be stated that the height of any 
figure above the intersecting line depends entirely on cir- 
cumstances : perhaps it would be more consistent to 
place the elevation of Fig. 30 upon the intersecting line. 
As a general rule, howeverj it may be said that what- 
ever distance the elevation is above the intersecting line, the 
plan may be looked upon as being the saine distance above 
the horizontal plane. In many cases, however, the dis- 
tance above the intersecting line is a matter of conve- 
nience. Ah an illustration of the rule, we may suppose 
the lower part of Fig. 31 
to represent the plan of a 
table, in which the posi- 
tions of the legs are in- 
dicated by dotted lines 
(Art. 41). Now the table 
is supposed to stand upon 
the horizontal plane; and 
since the intersecting line 
is sometimes called the 
ground line, and is in- 
tended to represent an \ 
eleoation of the horizontal plane, it follows that the legs 
of the table, in the vertical plane, sliould stand upon the 
groiuid line ; hence the rule that the height of a' b' above 
tlie intersecting line represents the distance of the upper 
surface of the table, a b, from its plane of projection. 

The positions of the legs in the elevation are obtained 
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aa shown by the dotted lines, which represent the pro- 
jecting rays. 



Problem IX. 

Given tite plan of a rectangular frame, to find the elevation. 
Akt. 57. — Let 1 1 5 6, Fig. 32, represent the plau of a 
p^, 32. wooden frame of any 

dimensions, except 
that the breadth of 
material of which it is 
made is equal to twice 
the thickneag ; that is, 
the length of the lines 
represented by points 
1, 3, 3, i, &c., is twice 
the thickness from 
1 to 3, or from 3 to i. 
Reqnii'ed the eleva- 
tion. 
- In this figure the projection of the lines from points i, 2, 
3, 4, 7, 6, only are required ; and since the lines are all of 
the same length, their elevation will be bounded by the 
horizontal line i' 6*, representing the iipper face of tlie 
figure, and by the ground line on which the object is sup- 
posed to rest. 




Peoblem X. 

The plan of a flight of steps being given, to find the elevation. 

Art. 58. — Let Fig. 33 represent the plan of a flight of 
steps, on the left of which there is a wall projecting a little 
in front of the bottom or first stop. The height or rise of 
each step is equal to two-thirds of the breadth of the 
horizontal face. It is required to find the elevation. 

The vertical cotners of tlie steps are represented by 
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points 1, a, 3, *, 5, each being in length equal to two- 
thirds of the breadth of the horizontal face, or distance 
from 1 to 2. The upper face of the wall, A B c, is level 
with the top step; consequently the length of lines repre- 
sented by points A, n, d, will he equal to the rise of the 
five steps, or two-thirds of the distance from i to D. 
Therefore, from A, B, D, draw a a', b U, d t£, at right 
angles to the intersecting line ; and having determined the 
Fig. 33. 




length of these lines, draw a' d' parallel to the ground 
line : then will a' d' represent the npper face of the wall 
and the top step. Divide the vertical line d' into five 
equal parts, l', a', 3*, &c. : then Avill l', a', s', &c., repre- 
sent the vertical heights or distances of the points i, a, 3, 
Ac., from the lower plane. If, therefore, vertical lines 
be drawn from points i, 2, 3, &e., in the lower plane, and 
horizontal lines from the points i', 2', 3', &c., in the 
vertical plane, the intersection of these lines will give 
the elevations of the cornera of the steps, as at points 
1", 3".' The upper faces of the steps are represented by 
lines drawn through the aforesaid intersections, parallel 
to I L ; and the length of each step is determined by 
drawing vertical lines from those points where the steps 
join the face of the wall, as shown by line e' e", drawn 
from e, and by lino/a", drawn from point a. 
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CHAPTER V. 



On Shadow or Shade Likes. 



Art. 59. — We purpose in this Cliapter, which will 
as brief as the nature of the subject will allow, to expl; 
the use of what is called a sliade or shadow line. 

In the execution of mechanical and architectural 
line drawings, it is necessary to make use of different 
grades or thicknesses of lines, which are called fine, 
medium, and shadow or shade lines. Although these 
lines may be looked upon as embellishments to the 
drawing, their function is of a much more important 
nature, inasmuch as the incorrect use of a shadow line 
will produce an effect the very reverse of that which the 
draughtsman intended. It is, therefore, of great import- 
ance that those persons who are engaged in this descrip- 
tion of drawing should adopt a uniform rule with respect 
to the direction in which the light is supposed to fall 
upon the picture. We are induced to call attention to 
this, from the fact that we have sometimes met with 
drawings having the light introduced in the opposite 
direction to that in which, as a rule, it is generally 
supposed to fall. In order that the proper direction in 
which the light should be admitted may be clearly under- 
stood, the student is requested to place his drawing board 
before him in a vertical position. If he can now imagine 
a ray or rays of light coming over his left shoulder so as 
to strike the planes of the drawing at an apparent angle 
of 45° with the intersecting line, he will have an idea of the 
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proper direction of the light. TJiis is the ride. In tlie 
above-mentioned departure from the rnle, the light is 
supposed to come over the right shoulder at the same 
angle ; and we beg to caution tho student against adopting 
this practice. 

Art. 60. — Let aide. No. 1, Plate II., represent the 
two planes of projection, divided by I L, the intersecting 
line. Upon the upper and lower planes draw eh I g, to 
represent the elevation, and i I' h' e', the plan of a 
cube. From I and I', through e and e', draw lines I e n, 
I' e' n' : tlien ■will n e I represent the direction of the 
rav or raya of light falling on the vertical plane, and 
n' i/ I' the direction of the raya of light which fall on 
the horizontal plane. We will now suppose the two 
planes to be bent (or turned upon i L as a hinge joint) 
at right angles to each other. If, in this position, the 
two planes, with their cubes, were viewed in the direction 
of the arrow, they would appear as shown at No. 2, in 
which it will be seen that the rays of light falling on the 
two planes are parallel to each other. It will also he 
observed that the apparent angle which those rays n e I, 
n' / I', make with the planes of projection is 45° ; but 
the real angle is 35° 16'. The modeof proving this will be 
given in a subsequent Chapter ; for our present purpose 
it wilt he sufficient to state that the rays of light are 
represented in the upper and lower planes by lines drawn 
at an angle of 45° with the intersecting line. 

Art, 61, — We now come to an explanation of the object 
of making a distinction in tho thickness of lines when 
executing outline drawings. As general rules we may 
here state : — 

First. — That all lines forming those angles or boundaries 
of surfaces upon which tho light falls direct, and which do 
not cast a shadow -upon any other surface or object, must 
hejine lines. 

Secondly. — All lines forming those angles or boundaries 
of surfaces upon which the light does not fall direct, and 
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from ivliich a shadow is cast upon some otlier surfkce'or 
object, must be thick lines, commonly called shadow or 
shade lines. 

Cylindrical, conical, and spherical surfaces are excep- 
tions to these rules, as will be hereafter noticed. 

Art, 62. — K the light he supposed to fall on the cube 
eh I g. No. 1, as already explained, three of its faces will 
bo illumined and three in shade. It is, therefore, evident, 
from the direction of the light, that the boundary lines or 
angles of the cube e h, e g will follow the first rule ; but 
since the lines Ig, I h cast a shadow on the plane a & r. i, 
of the form shown at o p g, they will follow the second 
rule. 

In like mannei', since the light falls upon the lower 
plane in the direction n' ^ I', the boundary lines I' i, I' h' 
will cast the shadow r s t: therefore I' i, V h' ninat be 
shade lines ; and, for the reasons above given, fi' i, e' h' 
must be fine lines. Having explained the direction in 
which the light falls upon the drawing, and the position 
of the two planes, it is necessary to observe that English 
draughtsmen generally project the shadow on the lower 
plane in the same direction as the shadow in the upper 
plane, as shown by dotted lines, u v w; in which case 
/(' fl' and h' I' would be shade lines. But as this practice 
can only he defended on the supposition that all plana 
and elevations of structures are in the same plane, as 
indicated by the dotted line x y. No. 2, we prefer to adopt 
the practice of the French, who recognise the existence 
of the two planes, in accordance with the principles of 
orthographic projection. 

Art. 63. — We will now suppose the cube ehl g, No. 1, 
to be turned as represented in elevation at B, and in plan 
at A, so as to present two of i^s faces to view ; in which case 
it will be evident that the vertical boundary line hf, at 
some portion of a revolution, would cease to be a shadow 
line and become a tine line. Let the cube a be moved 
into such a position that the face B is parallel to or in the 
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ilane .13 the rays of light, as indicated by n h I in the 
plan A. In this poaition of the cube it is evident that the 
light would fall direct on the face ehfg, and that the 
face B would be in tlie shade. It now becomes a question 
as to which of the vertical boundary lines o I or h f 
should be the shadow line. A very common practice is 
to make a I a. shadow or thick line, and ft / a fine line; 
we prefer, however, in cases where o / is a definite 
shadow line, to make A / a medium line, with a view 
to distinguish an angular surface from a flat surface 
upon wliich a right line might be drawn. At the same 
time it is questionable whether A / should not bo the 
shadow line and o I a, fine tine. If we refer to No, 3, 
which represents a plan and shaded elevation of a cube, 
it will be seen that the darkest part of the shade com- 
mences at the line A / and terminates with a reflected 
light as it approaches o l. The practice of shading 
hexagonal nuts, although the light falls upon the face at 
an acute angle, is the same as when shading the cube, 
notwithstanding that o' I', No. 4, becomes, according to 
the rule, a definite shadow line. Again, if the nut were 
turned so as to present a little more of its darkened face 
to the light, the shadow would lose much of its intensity, 
and ultimately h' f would become a fine line. 

It is for the above reasons that we recommend for 
angular surfaces cither a definite shadow line with two 
fine lines, or a shadow and a mediuin shadow line with 
one fine line. The thickness of the medium line and 
the angle at which it should becmne a fine line must 
be left to the judgment of the draughtsman, especially 
for objects projected upon an inclined plane [see 
Drawings D and E], for which it is difficult to lay 
down roles. It will be observed, however, that these 
projections, like those in isometrical perspective, exhibit 
a plan and elevation in one view; and as such delineations 
are sufficiently clear without shadow lines, their appli- 
cation may bo considered more as an embellishment 
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than as a matter of utility. Moreover, if tho student 
attempt to adliere strictly to any rule, lie will find the 
greater portion of hia work composed of either medium 
or shade lines, and the question of their discontinuance 
a difficult one to decide. An illustration of this will be 
seen on referring to Drawing E. It must, therefore, be 
understood that the above rules are intended to apply to 
orthographic representations of objects, and not to isome- 
trical delineations or projections upon the inclined plane. 

Art. 64. — With regard to cylindrical surfaces, it is 
not only inelegant but improper to apply either a medium 
or shade line. If the reader will turn to Drawings K and 
L, he will there see the manner of producing the effect of 
a cylindrical surface, which is greatly enhanced by leaving 
a reflected light on the right hand of the darkest part of 
the cylinder. This is also the case with cones and spheres, 
which must be drawn without medium or shadow lines. 

Let No. 5, Plate 2, represent the plan and elevation of 
a cylinder. From t, the centre of the plan, draw I e n at 
an angle of 45° with the intersecting line. Draw o I h a,t 
right angles to I e, cutting the circumference of the cylin- 
der in points o and A. From the points of intersection 
e and A, draw vertical lines, i/ g, h' f. Then will e' g be that 
part of the cylinder upon which the light falls direct, and 
/I'/that portion of the cylinder's surface which would cast 
a shadow upon the plane of projection. Consequently e' g 
will be the lightest part of the cylinder, and /('/the darkest 
part. It will be evident, on examining the direction of 
the rays of light op, h q, which are drawn parallel to I en, 
that it would be highly improper to apply the second rule 
to the boundary line i k, although this is too frequently 
done in the beautiful illustrations of our works. Apart 
from sncb a direct innovation of the principles of shading, 
if this practice were discontinued, cylindrical surfaces in 
an outline drawing would then be readily distinguished 
from flat surfaces ; in other words, a round bar of iron 
would never be taken for a fliit or square bar — an advan- 
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'toga which iji itself is sufficient to show the necessity of 
diacontimiing shadow lines on cylindrical surfaces. It is 
correct, however, to shade-line the end of a cylinder; and 
this is effected in the following manner : — 

Art, 65. — Let No. 6 represent the end elevation of a 
cylinder, and I e n,o p',h 5', the rays of light. Draw h o 
at right angles to I e n. Then will h determine the 
extent of the shade line for the interior and exterior of 
the cylinder. For the interior, e will bo the darkest part 
of the shade line, which must be gradually reduced in 
thickness as it approaches the line h 0. For the exterior, 
/ will be the darkest point, the line being gradually re- 
duced in thickness towards A and o, where it joins that 
part of the circle or end of the cylinder upon which the 
light falls direct. It will be seen that the plan. No. 5, 
is shaded in like manner. The mode of producing these 
gi-aduating lines for large circles is by opening or un- 
screwing the bow pen and gradually closing it ; and for 
the small circles, by commencing at the darkest part and 
going over the line a sufficient number <^ times to obtain 
the desired effect. 

As an illustration of the result produced by admitting 
the light over the right shoulder, we may direct attention 
to the plan of Fig. 9, Drawing A, in which, if the shade 
lines were drawn on the opposite side, that part which 
is intended to represent a groove or recess would, by a 
person who had been accustomed to the rule, he taken 
for a projection, or part of the object standing above the 
rest. 

Lastly. — On referring to the first elevation of the cube 
on Drawing B, it will be seen that those faces which arc 
parallel to the rays of light are not shadow-lined. 



OHTHOOBArniC PROJECTION 



CHAPTER VI. 
Projection upon the Inclined Plane, 



Akt. 66. — Aa the surest means of imparting a know- 
ledge of the principles which govern the projection of 
objects upon the inclined plane, it is proposed to carry the 
student step by step through the projection of those figiu-es 
with which he has become familiar. Although this descrip- 
tion of drawing seldom finds its way into the workshop, 
because the simplest and most accurate mode of repre- 
senting anything in process of manufacture is by plans, 
elevations, and sections, yet without a knowledge of this 
interesting portion of our subject, it would be impossible 
to get the projection of an object which is Inclined to 
the plane of Its projection. The purport of this Chapter 
is, therefore, to enable the merest tyro to find the eleva- 
tion or plan of an object, however complex, when that 
object makes an angle with the vertical or horizontal 
plane greater or leas than a right angle. 

Art. 67. — It is necessary to explain, with regard to 
the following examples, that in all cases the original 
object for projection will be given upon the horizontal 
plane, and will, therefore, be called a plan of the object 
to be represented or projected npon the inclined plane. 

Art. 68. — In the preceding part of this work we have 
given a number of examples of projection from the upper 
to the lower plane, projection in the upper plane, and, 
lastly, projection from the lower to the upper plane. In 
all these examples it has been understood that the two 
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planes of projection are at right angles to each other, 
the upper plane being vertical and the lower plane hori- 
zontal. It ia now proposed to explain the projection n( 
objecta upon planes which are not at right angles lo 
each other: that ia to say, the upper plane ahall be an 
inclined plane, making an angle with the vertical or hori- 
zontal plane greater than a right angle. 

Art. 69,— Aa a familiar iUuBtration of the inclined 
plane, lot the student place his drawing board horizontally 
upon the table, and bis box of instruments upon it, as 
represented at No. 2, Fig. 34. If the board and box were 



Fig. 34. 



!^ 




viewed in the 
direction indi- 
cated by tbc 
arrow, we 
should get an 
elevation, as 
shown at No. 1, Let it be sup- 
, however, that he is still 
viewing the objects in the direction 
of the arrow, but that the farther 
edge of the board, A B, haa been 
elevated, so that the face may form 
any given angle with the visual 
rays. In this case the objects would assume something 
of the appearance exhibited at No, 3, depending upon the 
inclination of the board. We have, therefore, at No. 3, 
an illustration of the projection of a box upon an inclined 

Akt. 70. — Before we proceed with an exposition of 
the principles which govern the delineation of objects 
when seen at any given angle, it will be desirable to 
examine more minutely the relative positions of the 
vertical, inclined, and horizontal planes, and also the 
relation of the three to each other. 

Let A B D c. Fig. 35, represent a plan of the drawing 
board given at Fig. 34 ; and a b d c, its elevation when 
E 2 
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inclined to tlio vertical plane. It is now i-equired to get 
an edge view or elevation of the board when looking at it 
in tlie direction indicated by the arrow. In other words, 
given A D D C, the 
plan, and a b d c, 
the elevation of a 
plane, to find the 
angle which that 
~ plane makes with 
the vertical plane. 
Produce the line 
b a indefinitely ; 
from any point, g, 
in such line, with 
a radius equal to a c or B d, describe an arc cutting the 
ground line in the point k ; join g h : then will g h he 
equal to the breadth of the board, and therefore repre- 
sent an end elevation or view of the board as if seen 
in the direction indicated. Through 3 draw 3 / perpen- 
dicularly to I l: then will j'^represent an edge view of 
the vertical plane, and / g h the angle which the board 
makes with that plane. 

Akt. 71, — Again, produce fg to i k, making i k equal 
to A b; from k draw I m parallel to i k; join i Zand k m: 
then will i k m I he a plan of the inclined plane g k. 
The plane i k m I will therefore make an angle with 
the horizontal plane equal to the angle g h I, 

If the reader has thoroughly succeeded in realising the 
relative positions of the drawing board which has been 
used to illustrate the planes of projection in this Chapter, 
a knowledge of the projection of objects upon those 
planes will be readily acquired, provided attention be paid 
to the following theorems. 

Teeobemb. 
Art. 72. — 1st The projection of any given point in 
either the upper or lower plane will always be in a line 
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drawn from the original point in that plane parallel to the 
intersecting lini?. 

2nd. The projection of a point from tlie upper to the 
lower plane, or from the lower to the upper plane, will 
always be in a line drawn from the original point at 
right angles to the intersecting line. 

3rd. When one or more original points are giveu in the 
lower plane, and corresponding points to the originals in 
any part of the upper plane, the projection of such points 
will he found by drawing lines from the original points at 
right angles to the intersecting line, and from the corres- 
ponding points parallel to the intersecting line, — the 
projection of the original and corresponding points being 
where the lines so drawn cut each other in the upper 
plane. The converse of this is the case when the original 
points are given in the upper plane and the corresponding 
points in the lower plane. 

4th. All lines which are parallel to the vertical plane 
will, in the lower plane, be parallel to the intersecting line. 

5th. All those points which are nearest to the eye in 
the upper plane will be farthest from the intersecting line 
in the lower plane. Conversely, all those 
points which are farthest from the eye in the ^' ' 
upper plane will be nearest the intersecting ^_^ 
line in the lower plane. [Read Art. 20.] f"^ 

Note. — In the succeeding pages the arrow V,-/ 

drawn thus v will denote the direction 

in which an object is supposed to be seen, as 
heretofore ; and this arrow S»*>— — y will be \ \ 
used to point out the direction in which any 
figure is supposed to move. J- ^ - 

Art. 73. — Example 1. Let Fig. 36 repre- j 
sent the end elevation and plan of a shaft or 
cylinder turning upon its axis as indicated by \^^ 

the arrows. It will be evident, more especially from the 
upper figure, that the direction of motion here pointed 
out is the same as that of the liands of a watch, and the 
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apparent motion of the Ron. This motion is therefore said 

to be right-handed. 

Akt, 74, — Ej-ample 2. Suppose Fig, 37 to represent 
the elevation and plan of a square prism. 
Fig 37. yf^ f.g^ imagine the prism to turn upon its 
axis" in one direction or another. In this 
case the motion is supposed to be from right 
to left; and it is therefore called left-handed. 
y yyj >. I Although the arrows a and b point in oppo- 
site directions they represent the same direc- 
- tion of motion ; because a is drawn partly 
in dotted lines, and is therefore a correct 
elevation of the arrow c (Abt. 41). 

We shall now proceed with the projection 
of points, lines, plane figures, and geome- 
trical solids upon the inclined plane 
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Fig.Zi. 



PaOBLEM XI. 

Given the intersecting line and angle of the planes, to find 
the projection of a point. 
Art. 75. — Let a. Fig. 38, be tlie given point. Draw 
Aba perpendicular to i L, 
the intersecting line ; and 
make the angle c b T equal 
to the angle of the two 
planes. From b, with the 
distance b A, cut b c in d; 
draw d e parallel to the in- 
tersecting line, meeting a b 
of the point a. 
It is not necessary that the line a 6 a should pass 

through the foot or base of the inclined plane, as will 

appear from the following problem. 




* The txb la a line, real or imaginary, that pusses through Bnj- 
ihing on which it may revolve ; or, in other words, it is tlie centre of 
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Pboblem XII. 

Given the intersecting line and inclination of the plane^ to 
find the projection of a given right line. 

Art. 76. — Let a b. Fig. 39, be the given right line. 



and a b, the inclination 
of the planes. Find 
the projection of the 
points A B (Prob. XL); 
join a' b^; and a' b' is 
the projection of the 
given right line a b. 



Fig. 39. 




Pboblem XIIL 

Given the intersecting line and inclination of the planty to 
find the projection of a triangle. 

Art. 77. — Let a c b. Fig. 40, be the given triangle, 
and a c the inclination of the plane. 



J%.40. 



Fig. 41. 




^X 




X 



Find the position of points A, b, c, upon the inclined 
plane, by measuring the distances from the intersecting line; 
find also the projection of the points a'y b\ (/, and join them 
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by right lines : then will a' «' 4' be the projection of tne 
triangle A c B. 

Art. 78.— It should be tmderstood that the problems 
relating to Figs. 38, 39, and 40, have been given more as 
elementary illustrations of the principles which govern the 
projection of objects on the inclined plane than as rules 
to be followed. Moreover, since problems XI. and XII. 
have been taken from an excellent work on Projection by 
Mr. Peter Nicholson, to whom we are indebted for some 
of the figures in this treatise, it is desirable to remark 
that they are given in the work to which we allude as 
projections upon the lower plane; whereas, we have given 
them as projections from the lower to the upper plane; 
and in the subsequent Chapters we shall have to consider 
thcni as projections from the lower to the upper plane, and 
from the upper to the lower plane. There will also be 
this difference in the mode of treatment, that, instead of 
measuring from the intersecting line the distances of the 
several points, as A, B, C, such distances will be measured 
from some line beloto the original figure. This line being 
employed in all our future problems, will be marked with 
the letters D L, and called the datum line, inasmuch as 
it is a line from which all lateral measurements for the 
elevation of the original object upon the inclined plane 
will be taken. 

Wo now propose to give tbe projection of the last 
figure in accordance with this mode of treatment. 

Art. 79.— Let A B c. Fig. 41, he tbe plan of a triangle, 
as shown at Fig, 40, At any given distance from the 
original figure draw d L parallel to the intersecting line. 
Make i p equal to the inclination of the plane on which 
the object is to he projected. Measure the distance of 
points A B and C from the datum line, and set them off 
respectively from i on the line t p, in points a, h, c. Find 
Ihe projection of the points a, b, c, according to Theorem 
3. Then will a' c' h' be the projection of the original 
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Aet. 80. — The difference betwixt measuring from tlio 
intersecting line and the datmn line would be more 
apparent, perhaps, if the object represented one of the 
tiles of a tesselated pavement, with a device on its upper 
surface ; for in that case the device would not be seen in 
the projection. Fig. 40, inasmuch as the object is turned 
upside down. Whereas, by measuring from the datum 
line, the same surface is presented in both figures — the 
effect being precisely that which we have illustrated with 
the drawing board. It will also be observed that this 
mode of proceeding is strictly in accordance with 
Theorem 5 and the true principles of orthographic 
projection. 



Phoblem XIV". 



Required the projection of a given right line, which is 
represented in the lower plane by a point. 

Art. 8 1. — If a point, as a. Fig. 42, be made to represent 
a right line, such line must be at right angles to the plane 
of projection. Therefore, Fig. 42. 

having found the position ^ 

of point a on the inclined 
plane (by making i a 
equal to a d, the dis- 
tance of A from D l), ; 
draw a a' at right angles i 
to i p, its plane of projec- A 
tion; andmakeaa'equal ^ /. 
to the supposed length 
of line represented by 

point A. From a draw A b perpendicular to i l ; and 
from d' a draw n' h, a c, parallel to the intersecting line. 
Then will 6 c be the projection of the point or line A, 

Art. 82. — Q. At what distance should the datum 
line be from the original point or figure ? 
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Ans. — The distance is iininaterial, inaamuch as 1 
datum line is simply employed as a means of getting the 
relative position of the points and lines of which the 
original figure is composed. By increasing or diminishing 
the distance of the datura line, the projection of the figure 
will be farther from or nearer to tlie ijitersecting line ; all 
other conditions remain tlie same. 



Problem XV. 



Required the projection of a rectangular block, two inckeg long, 
one inch wide, and half an inch thick, resting on a plane 
which miikeit any given angle with the intersecting line. 
Fig. 43. 
..v.- 3. 2V?3. N.'i. 




Art. 83. — Find the position of points i, 2, g, 4, upon 
the inclined plane, as directed in Art. 72. At right angles 
to that plane, and from points i, 2, 3, 4, draw lines i i', 
2 /, &c., making them equal in length to the thickness of 
the object. Through the extremities of these lines draw 
i' 4', parallel to t p. Then will 1' i' represent the upper 
face of the rectangular block; and since there are four 
points in that face, corresponding to points i, s, 3, 4, in 
the plan, their projection will be iound as directed in 
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Theorem 3. The points i, a, 3, i, in the lower face of 
the figure, will be found in like manner, as ahown liy the 
projecting rays. If the student will once more place his 
bos of instruments upon his drawing board, and look at 
it as directed in Abt. 69, he will perceive the reason for 
two lines only bebig drawn to represent the lower face. 
Although it would be proper to represent those parts 
which are not seen by a fine dotted line, it is better in 
some cases to omit them; for this reason, that where there 
is a disposition to show all the lines, the writer has not 
unfrequently seen those which ought to be left out 
drawn particularly full. The consequence is that the 
figure commences a display of geometrical gymnastics 
which somewhat takes the student by surprise. This 
effect, which was alluded to in the first Chapter, will be 
very marked in some of the figures in this ; as an illus- 
tration we may direct attention to No. 4, in which, if looked 
at steadfastly for a few seconds, the reader may with 
difficulty recognise No. 3, but it will immediately assume 
an inverted appearance. 

Akt. 84. — It is well known that one of the greatest 
drawbacks to a steady perusal of works of this nature is 
the unavoidable and frequent use of numbers and letters 
of reference ; the desirableness of suppressing them as 
much as possible will therefore be readily acknowledged ; 
but in order that at the same time we may be understood, 
it will be necessary to give some explanation of the 
phraseology which will be used in this Chapter. 

In commencing the projection of any object, the first 
figure to be drawn is the plan (as No. 1, Fig. 43). This 
will consequently be called the original figure, because it 
is the initial figure, from which all horizontal dimensions 
only can be taken. 

Again, No. 2, Fig. 43, will be called the elevation, 
because it is an elevation of the plan upon the inclined 
plane ; and it is from this figure that all vertical dimensions 
are or may be laken. 



60 ORxnooEAPnic projection 

No. 3, Fig. 43, being obtained by projecting vertical 
lines fi-om the plan, and horizontal lines from the eleva- 
tion, we shall call this figure the projection of No. 1, or 
the original figure, upon the inclined plane. 

Art. 85. — The several points in the plan will generally 
be denoted by numbers instead of letters, and in such 
manner that they will run consecutively from the base of 
the inclined plane. This will he effected by calling that 
point nearest the datum line i, the next in succession s, 
and so on with the rest. By adopting this system the 
references will he simple and easy, inasmuch as S will 
always be the nest number to i, &c. 

Each line in the elei'ation will be indicated by one 
number only. Thus, let it he required to find the pro- 
jection of the upper and lower ends of line 2. This being 
done, and the points joined by a, right line, we have then 
I got the projection of line a in the elevation, or of point a 
in the plaii. Moreover, each number may be employed 
to represent all the points and lines in the same plane : 
au exemplification of this will be seen in the following 
problem. 



Problem XVI. 



Given the intersecting line and tTiclination of the plane, to 
find tJie projection of two rectangular blocks. 

Art. 86. — Let 1231, Fig. 44, represent a plan of the 
two blocks, placed one upon the other somewhat in the 
form of steps, the lines forming the upper block being 
parallel to those of the lower block. If the thickness of 
each be the same, the eight points or comers of the two 
blocks, in plan, will represent so many lines of equal 
length. 

Find the position of points 1, 3, 3, 4, upon the inclined 
plane ; and complete the elevation of the lower block as 
in Prob. XV. Measure the distances of the correspond- 
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liig points ill the smaller block from the datum line, and 
set them off in like manner on the inclined plane, as 
shown by small points or dots. Through each of the 




points BO found, 
draw lines at 
' right angles to 
and projecting 
from the upper 
face of the large 
block, which may 
now be consi- 
dered as an in- 
clined plane, whereon the upper or small block is resting. 
Now, since the numbers i, 2, 9, 4, run consecutively, we 
anticipate there will be little difficulty in ascertaining 
which is line l, 2, or a, in the upper block, and which of 
the points in the plan will correspond to those lines, 
since they are directly opposite to their respective num- 
bers. Find the projection of the first four points in the 
upper face of the small block, as explained in Theor. 3, 
and join those points by right lines. In other words, find 
by Prob. XV. the projection of the upper block, as sup- 
posed to be resting on the lower Hock, which forms an 
inclined plane. The projection of the lower block will 
simply be a repetition of the operations required for the 
upper. If this system, which enables us to represent 
sixteen or more points by four numbers, be practised, 
we may safely predict a saving of time, with greater 
simplicity, 

Art, 87. — The intimate relation which one problem 
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bears to another throughout this work, renders it of the 
atmoBt importance that every part of our subject should 
be understood as we go on. With this conviction we 
venture upon a further explanation of the relative posi- 
tion of the three last figures, which it will be important 
to remember. 

In the first place. No. 2 is an elevation of No. I, or the 
appearance that figure would present if viewed in the di- 
rection of the arrow n; hence the reason for representing 
two of the vertical corners by dotted lines (see lines a. 
No. 2), — the visible lines being i, 3, 4, in both blocks. 
Again, No. 3 exhibits the same appearance that No. 2 
would present if viewed in the direction indicated by tbe 
arrow b: that is to say, if the plane with the object upon 
it were turned one-fourth of a revolution, upon i as a 
centre, in the direction of the arrow (namely, left-handed, 
— Art, 74), so that every point in the figure would 
describe a plane at right angles to tbe vertical plane, the 
appearance of No. 2 would be exactly like that of No. 3. 
It has also been explained that the same appearance 
would be exhibited by No. 1, if the corner 4 were elevated 
to the same extent as No. 2, and viewed in the direction 
of the arrow c (Art. 69). If any proof were wanting of 
the absolute correctness of the principles enunciated and 
the propriety of measuring from the datum line when 
getting the elevation on the inclined plane, we might 
gradually elevate that plane ao as to make an angle of 
90° with the intersecting line j in which case the projec- 
tion would be a fac-simile of the plan No. 1. 

Art, 88. — It is also necessary to explain, that when the 
inclined plane is drawn on the left hand of the figure, as 
shown at Figs. 38, 39, and 40, the elevation upon that plane 
will be a view of the plan as if seen in the direction of 
the arrow d. This may bo proved by placing a block of 
wood or box of instruments, with the corners numbered 
as ill Fig. 43, upon a board, inclined first on the right, 
then on the left and afterwards turned as hereinbefore 
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described, when it will be observed that the numbers will 
in both cases coincide with or be directly over those in 
the plan. Therefore, tehen the inclined plane is on the 
right, the eleeation will be a representation of the plan as 
teen in the direction of the arrow a; but when the inclined 
plane is on the left, the elevation will represent a view of the 
plan in the direction of the arrow d. As a. general rule, 
however, we shall place the inclined plane on the right 
It will be important, therefore, to remember in what direc- 
tion the plan is seen when getting projections from the 
elevation hereafter to be explained. 



Problem XVII. 

Required the projection of a rectangular frame upon a plane 
which makes any given angle with the intersecting line. 

Akt. 89. — Let 13 3 4, No. 1, Plate III., represent the 
plan of a rectangular frame, consisting of two side pieces, 
1 3, and a t, connected by two cross-bars, aa before de- 
scribed. Required its projection in the upper plane, — 
p i I, being the angle of tlie plane upon which the object 
is supposed to be resting. 

From what has been said of tliia species of projection, 
it ia evident that the most natural way of proceeding with 
this example h to find the elevation or position of all the 
points upon the inclined plane by measuring their dis- 
tances from the datum line. Many of the poinfs, how- 
ever, may be dispensed witli, and a saving of labour 
effected. 

Find the position of points i, a, 3, upon the inclined plane 
No. 2. Through each point, and at right angles to the 
plane, draw a line equal in length to the breadth of wood 
of which the frame is made ; and draw the line i 3, parallel 
ia i p: then will 1 a 3 represent the upper face of the 
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figore. Find the projection of points i, a, a, in the upper 
face of the figure, in points i', 2', 3', No. 3; and join them by 
right lines. From point 3', No. 3, draw a line parallel to 
l'/, and from point 2' a lino parallel to 1' 3*, the intersection 
of which with line drawn from 3* will give point 4'. From 
point 1' let fall a vertical line, and determine its length by 
drawing a line from lower end of line 1, No. 2, as shown 
by the projecting ray. From the lower end of line l', 
No. 3, draw lines parallel to i' 2* andi'3'; and complete the 
projection of a solid block, as at Fig. 43, by letting fall 
vertical lines from a*, 3'. If imaginary lines be now drawn 
from 1 to 2 and a to 4 in the plan, we shall have points in 
those lines representing the thickness of each side piece; 
find the projection of those points or lines in No. 3 by 
drawing vertical lines fronn the plan cutting line 1' a' in 
points o, c; and from a and c draw lines parallel to a' 4', or 
1' s*, cutting line 3' 4' in b, d: then will s' 1', a b, and 1' a*, 
c d, represent the two side pieces, — the lines between 
which, from a to c, and b to d, are to be erased. Again, 
the position of the cross-bars will be found in No. 3 by 
erecting vertical lines from their corresponding points in 
the plan, as shown by projecting rays; and since the- 
cross-bars are parallel to the imaginary lines 1 3, 3 4, in 
the plan, they will be parallel to corresponding lines in 
the i)rojection. If a line be drawn from the lower extre- 
mity of line a, parallel to a b, meeting the vertical line of 
the first cross-bar in e, and a line from e parallel to the 
upper edge of the cross-bar, the projection of the figure 
will be completed from four points in the elevation on the 
inclined plane. 

Art. 90. — From this problem we may deduce the 
following important theorem : — A II lines and planes which 
are parallel to each other in the original figure will he 
parallel to each other in Hie projection of that figure, 
whether such projection be perpendicular, horizontal, or 



No. 4 represents the projection of No. 2 in the lower 
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plime, or its appearance when viewed at right angles to 
the intersecting line, as indicated by the arrow /. The 
attempt to obtain the projection of this figure may, how- 
ever, be deferred until the student has read the expla- 
nation of the following problem, when he may retnrn to 
the above as an example for practice. 



Problem XVIII. 

T/ie plan of a cube and inclinatio}t of the plane being given 
to find the projection of the cube in the upper and loicer 
planes, together with a sectional elevation and sectional 
plan of the cube. 

Art. 91.— Let No. 1, on the lower part of Plate III., 
be the plan of the cube. The boundary lines of a cube 
being equal to each other (Art. 22), the lines 1, 2, 3, i. 
No. 2, will be equal in length to i a, or a i. No. 1. Having 
drawn the elevation upon the inclined pluiie, and com- 
pleted the projection No. 3 as directed (Problem XV.) 
for a rectangular block, we shall now proceed to get the 
plan or projection of No. 2 in the lower plane. 

If point 1, 2, i, or 3, ui No. I, represent a line, such line 
must be at right angles to the plane of projection ; there- 
fore every part of that line, when seen in the direction of 
the arrow a, will be the same distance from the eye. 
Moreover, since No. 2 is a view of No. 1 as seen iji the 
direction of arrow a, line 3, No. 2, will manifestly he 
parallel to the vertical plane ; and the plan of that line 
will consequently be a right line drawn parallel to the 
ijitersccting line (Art. 29). 

Art. 92. — If the reader can now imagine a plane 
passing through line 3 parallel to the vertical plane, the 
projection of such imaginary plane in the lower plane of 
projedtion would be a right line, a' b', No. 4, drawn 
parallel to the intersecting line ; and the position of 
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that plane in No. 1 would be represented by a line, A B, 
drawn through point 3 at right angles to the intersecting 
line ; because No. 2 is a view of No. 1 as seen in the direc- 
tion of the arrow a, the imaginary plane being interposed 
perpendicularly between theeyeandthe object. From point 
3, No. 2, let fall a vertical line, 9 a', cutting a' b' in point 
3': then will s' be the plan of point 3. Now the plan of 
point 1 will be found by measuring the distance of that 
point from A n along the dotted line in No. I, and setting 
that distance off from a' b' on the line 1 1' ; because point 
1 in No, 2 is farther from the eye than 3 by that distance: 
therefore 1' is a plan of point 1. If points 3 and 4 be 
obtained in the same way, and the four points be joined 
by right lines, we shall have a plan of the upper face of 
the cube. 

Again, since lines 3 and i. No. 2, are parallel to line 3, 
every point in wliich is the same distance from the eye, 
they must be parallel to the vertical plane ; tberefore from 
points 2' and 4', No. 4, draw lines parallel to the intersect- 
ing line, and determine their lengths by letting fall 
vertical lines, as indicated by the dotted line drawn from 
the lower end of line i. No. 2 ; join those points by lines 
which will be parallel to 3' i', ^ / ; and the ■plan of the 
cube will be complete. , 

Art. 93. — It is now required to find a sectional elevation 
of No. 2 taken through the line ef; supposing that portion 
of the figure on the left hand of the line of section to be 
removed, and the remaining portion to be viewed as 
indicated by the arrow 6, which is parallel to the plane 
of projection. 

The reader is requested to turn to Art. 20, and peruse 
the explanation therein given regarding tlie elevation of 
those points and lines which are nearest to the eye when 
the object is viewed at right angles to the plane of pro- 
jection, and also concerning the projection of those points 
when the object is viewed in the direction indicated by 
the arrow. 
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It mil be evident that the imaginary plane before 
referred to will, in the sectional elevation, be on the right 
hand of the object to be delineated. Let a" b" represent 
the iniaginai'y plane. Now the elevation of every point 
in No. 2 must necessarily be in a right line drawn from 
such point parallel to the intersecting line (Theorem 1, 
Chap. VI.): therefore the elevation of pointy in lines will 
be €)' in *he section No. 5. Again, what is the distance 
from the imaginary plane to point h ? Bear in mind that 
No. 2 is an elevation of No. 1 as seen in the direction of 
the arrow ra; and since A is a point in line 1, its distance 
from the imaginary plane will be equal to the distance 
from A B (No. 1) to point i, measured on the dotted line 
at right angles to A B. From h. No, 2, draw A A' parallel 
to the intersecting line, and set off from a" b" the distance 
taken from No. 1 : then will A' be the elevation of point 
/i; and ^, A', joined by a right line, will give the elevation 
of the line of section g h. The elevation of every point 
will be found in like manner ; — that is to say, from the 
point to be projected drain a horizontal tine; ascertain the 
distance of suck point from the irnaginary plane by consulting 
No. 1, and set off that distance from a" b" on the projecting 
ray : then the point where it cuts the ray will be the pro- 
jection of the original point. 

Although the foregoing sentence maybe said to explain 
the projection of this figure, a description of the remaining 
portion ia desirable. The line of section from A {No. 2) 
proceeds along the opposite face of the cube until it cuts 
the dotted line 3 in point Jc, The elevation of that point 
will therefore be found by measuring the distance from 
A B to point 2, No. 1, and setting off that distance from 
a" b" on a right line drawn from k: then will If/ be the 
projection of k; and l/, h', joined, will be the projection of 
that portion of the section from h to k. 

We now come to the point or rather points I ; for we 
shall find that the section at this point will produce 
a right line parallel to the intersecting line. Measure 
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the distance from 4 to f on tho line 4 i. No. 2, and set on 
that distance from i to m in the original figure. No. 1 ; 
tlirough m draw m n at right angles to A B, cutting A B in 
n: then will n irt p. No. 1, represent a line drawn frt>ni 
the imaginary plane. No. 2, at right angles to the vertical 
plane. Now, what is the distance from the imaginary plane. 
No. 2, to the first point in the line I? Manifestly n o. 
No. 1 ; therefore upon the projecting ray drawn from I 
set off from A*" b" the distance n o in point V. Again, the 
length of the line of section, at /, No. 2, is equal to o p. 
No. 1 ; set off that distance from P to P, No. 5 ; then I' P 
will be tho projection of point I, No. 2, and the point 
beyond it. Join V ^,V U ; and complete the section by 
drawing in the section lines as directed (Art. 12). Join 
/' 4, f 4 ; and I' i F will be the elevation of the triangular 
piece on the upper face of the cube from Itot, No. 2, or 
4p, No. I. 

Again, the lines i, 2, 3, No. 2, corresponding to points 
1, 3, 3, No. l,are parallel to the plane of projection; there- 
fore tiieir projection in No. 5 will be in lines drawn from 
tho points g', h', k', at right angles to the intersecting line 
(Art. 28); and their lengths will be determined by 
drawing lines from the lower ends of luies i, 3, 3, No. 2, 
in the same manner as described for the projection of 
No. 3, Art. 83. 

Akt. 94. — There is one point to which we must direct 
the careful attention of the student. Line i i, No. 2, 
represents the upper face of the cube ; that is to say, 
it represents a plane which is at right angles to the 
vertical plane of projection. The line of section e/also 
represents a plane at right angles to the vertical plane. 
Now, when two planes which arc at right angles to the 
vertical plane intersect each other, the line of intersec- 
tion will be represented by a point, as I, No. 2 ; and the 
projection of that point in the upper or vertical plane will 
be a line drawn parallel to such plane and also to the inter- 
secting line; and the projection of that line in tho lower 
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plaiie will be a line parallel to that plane and also to tlie 
intersecting line. 

Art. 95. — We have now to find a plan of No. 5, or 
the appearance that figure would have if viewed in the 
direction of the arrow e, which is supposed to be parallel 
to the vertical plane. 

From Theorem 2 it follows that the plan of point 4 
must be somewhere in the projecting ray from that point. 
Let *, No. 6, be the position of that point in the lower 
plane. Now the plan of points f, /', will also be in lines 
drawn from those points at right angles to the intersect- 
ing line; the question, therefore, is (and these remarks 
apply to all the points in this figure), how are we to deter- 
mine their position with regard to point*? Remember 
that No. 5 is a view of No. 2, looking at that figure in 
the direction of the arrow b. It is evident, therefore, 
that point I is nearer to the eye thani; but how much 
nearer? At any convenient distance above No. 2 draw 
a line, c c, "parallel to tlie direction of the visual rays ; and 
at right angles to that line draw lines from points i and 
I, cutting O C in r s : then will r s represent the distance 
from point I to point 4; — that la, point I is nearer to the 
eye than point i by the distance r a. Therefore, since 
line I" I', No. 5, is nearer the eye than point i, it will, in 
the plan, be farther from the intersecting line (Theorem 
5, Chap. VI.). Set off on the projecting ray from point 
*, No. 6, the distance r s in (; through t draw a line 
parallel to the intersecting line ; and where it cuts the 
vertical lines from points I', f, will be the projection or 
plan of points /', P. Join the three points together ; and 
the result will be a plan of the triangular corner on the 
upper face of the cube. 

Art. 9G. — The following rules for finding the plan of 
ani/ given point, as in No. 5, may be of some service to the 
student when obtaining a similar view of the next figure ; — 

1st. Let fall a vertical lino from the point of which a 
plan is required. 
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2niL Find iu correspouding j^oint in the elevalion < 
till: inclined plane-, as No. 2. 

3rd, AicerUiin the horizontal distance of the corre- 
sponding point from some given point in that elevation, as 
point 4. 

4tli. Having determined the position of point 4, in 
Ihe lower plane, aa in No. 6, set off therefrom the distance 
irf tlic given point from 4 iii the elevation (No. 2); draw 
S horizontal line throngh the point so found; and the 
plan of point sought will be where the vertical and hori- 
zontal lines tnterievt each other. 

Note. — If vertical lines be drawn from the several 
points in No. 2 to meet the intersecting line, the dis- 
tsnces of those points from point 4 can be measured upon 
that line, so as to dispense with the line c c. Moreover, 
the lectioTial eleoalion and sectional plan could liave been 
much more readily described and worked out by a 
reference to Nos. 3 and 4; but such a course would 
interfere with the proper illustration of the principles of 
projection on the inclined plane; and it is much better 
practice for the student to find the projections of Nos. 5 
and 6 from the plan and elevation only. 



Pkoblem XIX. 
Given the inclination o/ the plane and the plan of a cube 
with a block on each face, — the diagonal of the cube 
being at right angles to the intersecting line; required the 
projection of the cube and blocks in the upper and lower 
planes, together with a sectional elevation and sectional 
plan tliereof. 

Art. 97. — The following are the dimensions recom- 
mended for this figure : — 

Each face of cube, 3^ inches square. 
Face of square block, 1^ inch square. 
Thickness of block, ^of an inch. 
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Presuming the elevation to be placed on the inclined 
plane, as shown at No. 2, Drawing D, and the projection of 
No. 3 delineated, aa already explained for a plain cube, we 
shall now proceed with a description of the mode of drawing 
one of the blocks which project from the face of the cube. 

If No. 2 were tarned one-fourth of a revolution upon 
an axis parallel to the vertical plane, in the direction 
indicated by the arrow (Art. 74), so that every point in 
the figure would describe a plane at right angles to tlie 
original plane, and parallel to the intersecting line, the 
appearance of No. 2 would be precisely that of No. 3, — 
line 1 being in the centre of the cube, the face bounded 
by lines 1 and 3, No, 2, on the right hand, and the face 
beyond it being on the left hand of line i. No. 3.' 
Tlierefore the projection of the blocks on those two faces 
of the cube which are presented to and nearest the eye 
in No. 3, will be obtained from that block marked e', 
No. 2. We have been induced to mention this change of 
motion in the figure, from the fact that many students 
have made great efforts to get the projection of block e' 
on the right-hand face, and of block f' on the left-hand 
face of No. 3, Another reason for directing attention to 
this circumstance is, the importance of clearly under- 
standing the motion supposed to be given Co these figures. 
If No. 2, with the plane upon which it stands, were turned 
as juat described, and then moved a certain distance to 
the left, every point and line in that figure would coincide 
with No. 3: consequently, block e', No. 2, would be in 
the same vertical plane with block e. No. 1 (No. 2 being 
an elevation of No, 1, as seen in the direction of the 
arrow a). Moreover, if the dotted lines representing the 
projecting rays in No. 1 were produced to block G, every 
point in e would coincide with e: therefore every line 



* It ma; be well to remind the student that points 1, 2, 3, 4, No. 1, 
represent lines, which are indicated in No. 2 bj like figures, one 
figure only Leing used to represent ik line (Abt. S5}. 
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ill that block which is beyond e', No. 2, is likewise 
coincident with e'. 

It is also manifest that the projection of the block on 
the left-hand face of the cube can be obtained from b'. 
No. 2, and G, No. 1 ; that is, by drawing horizontal lines 
from e', and vertical lines from corresponding points in G, 
as clearly shown by the projecting rays, and set forth in 
Theorem 3. 

AiiT. 98. — When tha object to be delineated is equi- 
lateral and equiangular, as a cube, the projection of No. 4 
from Nos. 1 and 3 maybe obtained by a different mode to 
that explained under Problem VIII., whereby the opera- 
tion is somewhat expedited; but if the object to lie 
projected is an irregular figure, the instructions given 
in Problem VIII. must be followed. It will be re- 
membered that all those dimensions in No. 4 which are 
at right angles to the intersecting line were taken from 
point 3, No, 1, in the direction of the arrow a; but since, 
ill the present figure, the distance from 3, No. 2, to the 
point beyond, is equal to 3 2, No. 1, and i 4, No. 1, is also 
equal to 3 B, it will be evident that the plan of point 3, 
No. 2, and the point beyond can be obtained by letting 
fall a vertical line from 3, and drawing horizontal lines 
from 1 and 4, No. 1, — their intersection being the plan of 
point 3, and the point beyond it. The plan of points 
1 and 4, No. 2, will be obtained in a similar way, by 
drawing vertical lines from those points, and horizontal 
lines from point 2 or 3, No. 1. Again, the length of the 
vertical boundary lines 3 and i, No. 2, will be obtained 
by letting fall vertical lines from the lower end of such 
lines 3 and i, which will complete the projection of the 
plain cube : that is, point or line 3, No. 4, will be a plan 
of 3, No. 2 ; point 4, a plan of 4, No. 2 ; and so on. In 
other words, if we suppose. No. 2 to be a perfect solid 
and attaclied to the vertical plane, and that plane to be 
bent in some line parallel to the intersecting line, so as to 
stand at rif^ht angles to the horizontal plane (No. 2 being 
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as it were suspended above No. 4, and viewed at right 
angles to the lower plane), every point and line in No. 2 
will coincide with No. 4, The figures of reference, 
1, s, 3, *, would also coincide with No. 2, but not with 
No. 1. In order that they may do so, however, the 
student is requested to transpose the figures of No. 1 in 
his drawing, so that they may agree with No. 4 : that is, 3, 
No. 1, will be substituted for 4; 2 for i; 4 for a; and i for 3. 
If the reader will naake the same alteration with his 
pencil upon the drawing before him, the figures so 
transposed will agree with the following observations. 

Art. 99. — It is a remarkable fact that although many 
students can readily obtain a plan of the faces of the cube 
from lines i 3, No. 2, and 3 4, No. 1, they cannot produce 
a plan of the faces of the blocks, notwithstanding the two 
operations are identical. This arises from the difficulty of 
determining which of the points and lines in the elevation 
correspond to those in the plan; and this, after all, is 
really the only difficulty with all figures; for the projection 
of any two given points would, according to Theorem 3, 
appear a very simple matter : let us see, therefore, if we 
cannot make the other matter equally so. According to 
the relative positions of No. 2 and No. 4, the projection 
of the block on that face of the cube whereof 3 4 is the 
upper boundary line, will be obtained from f'. No. 2, and 
E, No. 1 ; and the projection of the block on that face of 
which a 4, No. 4, is the upper boundary line, will be 
obtained from f'. No. 2, and F, No, 1. Taking the foi-mer 
for onr illustration, and t. No. 2, as the first point of 
which a plan is required, the question is, what point is (, 
and how are we to find its corresponding point in the 
plan ? To make this perfectly clear, it will be convenient 
to suppose the block to have two faces, an outer and iimer 
face, the latter joining the fa.ce of the cube. This being 
understood, the answer is, that ( is one of the upper outer 
corners of the block ; and it is, moreover, that comer which 
is nearest to point i. Again, u is an outer comer of the 
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block nearest to point 3, and u an inner comer nearest to 

point 3. [See projecting raya from (, o, u, No. 1,] 

It now remains for the student to find the projection of 
the two blocks f'. No. 2, and F, No. 1, according to Theor. 
3, and then to ascertain whether any portion of block e'. 
No. 2, and the one beyond b' (corresponding to H in the 
plan), will be seen ; or, in other words, whether in No. 4 
any portion of block e' will project beyond the boundary 
line 1 3. From a/. No. 2, which represents the outer 
corner nearest to point i, let fall a vertical line; then 
from X, No. 1, which represents the corresponding point, 
draw a horizontal line, and the point of intersection will 
determine whether any and what portion of the block can 
be seen. The completion of the remaining portion of the 
figure is left for the student. 

Note. — As a test of carefal and accurate drawing, the 
student will not meet with a better example than the pro- 
jection of No. 4 ; for if all the points be correctly found 
by projection, and those points joined by right lines, every 
parallel line in the original figure will be parallel in the 
projection of that figure (Art. 90). To accomplish this, 
however, the manipulation must be very delicate, each line 
should be as fine as possible, and the projection of each 
point must be taken, not from one side, although they 
may touch, but from the centre of each line; other- 
wise the projected lines in No. 4 will not be parallel. The 
original figure should also be a perfect square. 

Art. 100. — We now come to the sectional elevation and 
sectional plan of No. 2, taken through the line of section 
ef. 

The student should close this book, and make the best 
attempt in his power to produce the elevation and plan ; 
after which he may peruse the following explanation, — 
reference being made to Nos. 2 and 3. 

The line of section first comes in contact with the ver- 
tical comer of the block on the dotted line i, No. 3, mid 
traverses the back edge of that block until it reaches the 
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upper face of the cube ; from that point it runs along the 
upper face of the cube parallel to the intersecting line, and 
cuts the boundary line 3 * in point e ; its next course is 
along the back face of the cube until it cuts the vertical 
boundary line a in point 7 ; whence it passes along the 
front face of the cube until it comos in contact with the 
block E. Now the upper edge of the block being parallel 
to the upper face of the cube, the projected line of section 
is parallel to the line drawn on the upper face of cube to 
point 6 (Akt. 94), The line of section then proceeds from 
the upper right-hand corner of the block, along its front 
face, to point 8, and thence aJong its front edge to 9, termi- 
nating at point 10 in line i. The line of section takes 
the same course on the opposite or left-hand side of the 
cube. The elevation and plan of each point and line are 
found as already described for a plain cube. 

Those persons who are desirous of further practice with 
this figure are recommended to take in hand the hollow 
cube with blocks, and endeavour to make a drawing of 
the six views (four only of which, including sectional 
elevation and sectional plan, will be found on Drawing E) ; 
g k being the line of section. We may here remark that 
in general about 20 per cent, of the students who have 
gone through this course of instruction, including the last 
figure, have made correct drawings of the hollow cube 
without any assistance whatever from the writer. If the 
reader should be of opinion that more space than necessary 
has been devoted to the consideration of cubes and blocks, 
he is earnestly recommended to try the next Problem ; and 
on referring to Nos. 1 and 2, Drawing E, to test the accu- 
racy of his work, the result will convince him that no 
unnecessary examples or explanations have been given. 
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Peoblem X3C 

Required the sectional elevation and sectional plan of a 
skeleton cube. 
Art. 101. — Fig. 45 represents a skeleton cube, of which 
it is required 
to obtain a sec- 
tional eleva- 
tion, as seen 
in the direc- 
tion of the 
arrow, and 
also a plan of 
the sectional 
elevation. 




The cube for this example is recommended to be 
made 3^ inches square, with an opening through the 
centi-e of each face l| inch square. If the inclination 
of the plane be 25°, and the line of section a b be drawn 
through the points shown at Fig. 45, the accuracy of the 
work may be tested by referring to Drawing E. 



Problem XXI. 

The plan and elevation of a flight of steps being given, to 

find the projection thereof upon the upper and lower 

inclined planes, t!ie projections to be worked out from the 

points and lines given in t/ie plan and elevation. 

Art. 102. — Let No. 1, Drawing F, represent the plan 

of a flight of steps, with a wall on the right, as described 

in Art. 58 ; and let No, 2 be an elevation, as seen in the 

direction of arrow a. Presuming the rise of each step to 

be equal to two-thirds of its horizontal face, and the upper 

face of the wall to be level with the top step, the length 

of the lines represented by points 1, 3, 3, No. 1, will be 
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equal to two-thirda of the right line s a. Find tlie 
elevation of lines i, 2, 8, No. 2, by Abt. 81 ; and draw the 
right line i 3, to represent the upper face of the wall and 
top step. It is now req^iured to find the projections No. 3 
and No. 4 from nine given points; namely, i, 2, 3, a,f, in 
plan, and i, 2, a, g, in elevation, 

Akt. 103.— For No. 3. Find, by Theor. 3, the projection 
of points 1, S, 3, in points i', a', 3'. Find the projection of g, 
the lower end of line 1, in point p', No. 3. Join a' a'j and 
from each of the points i' </ draw a line parallel to 2' s'. 
Join 1' 2' ; and parallel thereto draw lines e^,^ ^'. Let 
fall vertical lines from I'a'; and from points / and a. No. 1, 
draw hnes at right angles to i l, cutting lines drawn from 1' 
and 3', No. 3, in points e and/'. Make the vertical line drawn 
from point a. No. 1, equal in length to vertical hne 1' ^, 
No. 3 ; and divide it into five equal parts, in points a, h, c, d, 
to represent the rise of each step. From each of the points 
a, h, c, d, draw lines parallel to 1' s', or e s'. Divide a' e also 
into five equal parts in b', </, d', e'; and let fall perpendicular 
lines, which will represent the vertical corners of the steps. 
If a line be now di'awn from each of these corners pai-allel 
to / 3', as e' e", the projection of No. 3 will be complete. 

Note. — Instead of dividing the line e 3' in points I', (/, 
d', ef, the projection of those points can be obtained from 
corresponding points in the plan. 

Akt. 104. — For No. 4, In finding the plan of No. 2, 
as shown in No. 4, we must have recourse once more to an 
imaginaiy plane, supposed to pass through line s, No. 2, 
as described in Abt, 92. Through point 3, No. 1, draw 
A B at right angles to the intersecting line. Parallel to the 
intersecting line, and at any convenient distance there- 
from, draw a' b', to represent a plan of the imaginary 
plane; then will the projection of the upper and lower 
ends of line a. No. 2, be found by letting fall vertical 
lines from those points to cut a' b' in points s^, ^'. From 
point 1, No. 2, let fall a vertical line ; measure the dis- 
tance of that point from A B, No. 1, and set it ofl' from 
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a' b'. No. 4, in point l': then will i' 2', joined, be the 
projection of line I 3, No. 2, Find the plan of point 3 
in like manner in a'. From 3' draw a line parallel to 
1 L, and determino ita length by letting fall a vertical 
line from the lower end of line 3, No. 2 (Art. 92); join 
3" a', 3" 3": then will a' 3*, a" 2", be a plan of the vertical 
wall or end of the steps. From 3' and 3" draw lines 
parallel to i' a', of indefinite length ; measure the distance 
from A B to point a, No. 1, and set that off on any line at 
right angles to A' B', as from A' in point A. If a line be 
now drawn from h parallel to a' b', its intersection with 
the line drawn from point 3' will give the plan of that 
point corresponding to e. No. 3. Produce A e, No. 4, to 
meet the line drawn from a", and divide the line so pro- 
duced into five equal parts in points a, b, c, d ; from each 
of these points draw lines parallel to e 3', and they will 
represent the horizontal corners or ends of the steps. 
Divide e a' also into five equal parts, in points b', c', d, e'; 
and from each point draw a line parallel to a' a" or a' b', 
to represent the vertical comers of the steps, as c.leai-ly 
shown. To find the position of point /', measure its 
distance from A B, No. 1 ; set off such distance from a' b' 
No. 4, on the line a' A, and draw a line therefrom parallel 
to the intersecting line ; if a line be now drawn from 1', 
No. 4, parallel to 2' 3', ita intersection with the line just 
drawn will give the position of point/'. From/' draw a 
line of indefinite length parallel to 1' a'. If a line be now 
drawn from e', No. 4, parallel to a' a', it will represent the 
front edge or corner of the top step, and will also deter- 
mine the length of line drawn from point/' in e". From 
each of those points representing the corners of the steps, 
draw lines parallel to 2' 3', making each line of the same 
length as e' e"; and from the end of each line so formed 
draw a tine, as ti" b", parallel to/' e". The projection of 
the steps in the lower plane will then be complete. 

Art. 105. — The projection of every point in No. 4 can 
be obtained by attention to the following rules : — 
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1. Measure the distance of the point sought from D L, 
and set oif that distance upon the inclined plnne. 

2. From such point on the inclined plane draw a line 
at right angles thereto, making it equal in length to the 
vertical height of the original point from its plane of 
projection No. 1. 

3. Having found the position of the point in No. 2, 
let fall a vertical line ; and the position of the point sought 
will be found in that line, bj measuring the distance of the 
original point from A b, No. 1, and setting off that distance 
from a' b', No. 4 : the point of intersection will be a plan 
or projection of the given point. 

It may be observed that No. 1 admits of being turned 
in a ^'ariety of ways, and that as many different figures will 
be produced: for instance, the wall in the original figure 
may be placed on the left hand, or the steps turned end for 
end, or placed at various angles with the ground line ; all 
of which will be found excellent practice for the student, 



Peoblem XXII. 

To draw a regular hexagon. 

Art. 106. — The practical mode of describing a hex- 
agon or six-sided figure (such as the nuts of bolts for 
holding together parts of machinery) is as follows : — 

Describe a circle of any given diameter, and with the 
T square draw two tangential lines, a b, t 



Apply the set square of 
60° to the edge of the 
T square, .ind draw 
parallel tangential lines 
e a,df, by sliding the 
set square along the 
edge of the X square- 
If the set square be 
now turned over and 



Fig. 46. 
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again applied to the edge of tlie square, parallel tan- 
gential lines e c, b f, may be drawn, and the six-sided 
figure completed. 

Fig. 47. When two aides of 

the nnt or hexagon 
are* vertical, as shown 
at Fig. 47, the angle 
of 30° is employed ; 
3] the lines a b, c d, 
being drawn by ap- 
plying the set square 
as shown on the left hand of the figure. 




PaoBLEM XXni. 

I Given the plan and length of an he.eagonal prism, to find 
the projection thereof under the following conditions. 

Akt. X07. — Required: Ist. An elevation in the vertical 
plane. 

2nd. The same elevation on a plane which makes an 
angle of 30° with the intersecting line. 

3rd. The projection in the lower plane of the prism 
and the plane on which it stands. 

4th. The projection of the last-mentioned figure in the 
npper plane ; supposing the prism with its plane to have 
been turned one-eighth of a revolution upon an axis per- 
pendicular to the horizontal and parallel to the vertical 
plane. 

Having drawn apian of the prism, as No. 1, Drawing G, 
the elevation in the vertical plane, as No. 2, will be ob- 
tained by drawing lines from points 1, 2, 3, i, and making 
fhem equal in length to the height of the prism. The npper 
surface of the prism will be represented by drawing line 
1 i parallel to the ground line. It must be understood 
that No. 2 is uot a projection upon aji inclined plane, but 
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a projection in the vertical plane: therefore the Hnea 
1,2, 3, 4, represGnting the angles of the priam, are parallel 
to the plane of projection. 

No. 3 represents the same eleTation as No. 2, sup- 
posing that figure to rest upon a plane which makes an 
angle of 30° with the intersecting line : in other words, 
No. 3 is a copy of No. 2, every line in which may be 
drawn by applying the set square of 30° and 60* to the 
edge of the X square. It is now required to find a plan 
of No. 3, or its projection in the lower plane. 

Since No. 3 is the same elevation as No. 2, or a view 
of No. I &s seen in the direction indicated by the arrow, 
the points 3 and 3 are nearest the eye; and the distance 
from those points to the points beyond them, which we 
shall call 2' a', is equal to 2 2', 3 3', No. 1 : therefore the plan 
of No. 3 will be obtained by drawing vertical lines from 
the several points in that fignrej and horizontal lines 
from corresponding points in No. 1, as clearly shown by 
the projecting rays. From a and B let fall vertical lines, 
and make A a', b b'. No. 4, equal to the width of the 
plane on which No. 3 is supposed to stand ; draw a' d', 
A B : then will No. 4 be a plan of a prism resting upon 
a plane which makes an angle of 30° with the horizontal 
plane : therefore the least angle which the axis of the prism 
makes with the horizontal plane will be 60°, and the 
greatest angle 120°, as shown by the dotted line in No. 3. 

Art. 108. — It is now required to find the projection 
of No. 3 in the upper plane, or the appearance that figiire 
would present if it were turned in the direction of the 
arrow, together with the plane on which it stands, so as 
to make one-eighth of a revolution. 

The direction of motion in this case is left-handed 
(Art. 74), Again, the arrow is drawn parallel to the 
intersecting line and at right angles to the vertical pro- 
jecting rays, to indicate that the figure is supposed to 
turn upon an axis, such as that represented by the pro- 
jecting ray from point a; in which case every point in the 
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figuro would move in a plane at right angles to the ver- 
tical plane and parallel to the horizontal plane. Again, 
the amount of motion ia one-eighth of a revolution ; that 
ia -^ = 45°. Therefore, at an angle of 45° with the in- 
tersecting line draw a Hue, I i, No. 5, of indefinite length; 
and let that line represent a centre line which wotild cor- 
respond to a line drawn through the same points in No. 4. 
Malve No. 5 an exact copy of No. 4, Then, since we 
have in the lower plane a number of pointB, i, a, a', 3, a', 4, 
*nd points corresponding to them in the upper plane, the 
projection of these points will be found by Theorem 3 ; 
and if the points so found be joined by right lines, the 
projection of the upper face (No. 6) will be complete. 

The student must not forget that points a and 3, No. 3, 
represent those points in the plan marked s' and a'jaswell 
as points a and a. 

Having found the projection of the upper face of the 
figure, as shown at No. 6, the jn-ojection of the lower face 
will be found in like manner. Join the upper and lower 
faces by right lines, Then will No. 6 be a correct pro- 
jection of No. 3, or the appearance that figure would 
present if it were turned through an arc of 45° upon an 
axis parallel to the vertical plane and at right angles to 
the ground line. 



Problem XXIV. 

Required the angle which the ft.ris of the prism No. 6, jk 
the last problem, makes with the vertical and horizontal 
planes. 

Art. 109. — Before we enter on a demonstration of this 
problem, it will be necessary to direct attention to what 
is called, in gpometrical language, the "generatrix" of a 
solid. 
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UPON THE 1NCI,1NKI> 

Let a b d c. Fig. 4S, represent u ph 
is a piau. If tlie point c' be caused 
to rotate upon a' aa a centre, c' will 
describe a circle, every point in which 
will be the same distance from the 
centre a'. Again, if the line c d be car- 
ried round a &, as an axis of rotation, 
the figure described or generated by 
e d will be a cylinder, provided e rf be 
paralli^l to a 6; wherefore c d is called 
the "generatrix" of a cylinder, and 
a e, b d, the " directrix." Remove 
a c, c d, and draw the right line a d. 
Then will a' c' he a plan of a J; but 
the solid generated by a d will bo a 
cone, of which d e will be the base : consequently, a d 
and a' d may each be considered as the generatrix of 
a cone, inasmuch as a' c' is a plan of a d. Moreover, 
since the point c' is the same distance from a' during 
every part of a revolution, and the surface of the cone 
e a d 13 generated by the line a d, it follows that every 
right line drawn from tho base to the apex of a cone 
must be of the same length : that is to say, the actnal 
length of any right line, as a b, drawn upon the surface 
of a cone, will be equal taa d or a e; because of V , which 
is equal to n' c', is a plan of a h. Therefore, every right 
lino winch can be drawn from a to meet the base e d, will 
be of the same length; and the angle which that line makes 
with the base of the cone will always be equal to b d a. 

After the above explanation, the student will be able to 
see his way more clearly through the problem relating 
to the hexagonal prism. 

Art, 110. — Let a, No. 1, Plate 4, represent the axis 
of the prism ; a b, No, 2, its elevation in the vertical 
plane ; and a b. No. 3, the same elevation as No. 2, but 
inclined to tho intersecting line at an angle of 60^, as 
shown by the dotted line from a b produced. 
G 2 
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arriving at a solution of this piobleui, we will once more 
direct attention to a h. No. 6, aa the generatrix of the 
cone X b y. If the line x y Xte drawn at right angles to 
a h, and a x,a y be each made equal to a i (the distance 
of « from the vertical plane), and n 6 be supposed to turn 
on & as a centre in such manner that a will describe a 
plaue, a X y,a,t right angles to the plane of projection, 
then will a: b a or y b a represent the angle which a b 
makes with the vertical plane, which is about 20° 30'. 

A little attention to the foregoing problem will enable 
the student to determine the actual length of any line or 
lines in Noa. 5 and 6, Drawing G, and the angle which 
Buch line or lines may make with the planes of projection. 
e can therefore employ this problem for determining 
, tlie augle which the rays of light, mentioned in Abt. 60, 
make with the vortical and horizontal planes of projection. 
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CHAPTER VII. 
On tub PEOJECTioy or Curved Lines. 



TnE principles which govern the projection of curved 
lines dift'er in no respect from those which regulate the 
projection of right lines, inasmuch as a curved line is 
nothing more than a line composed of an infinite number 
of points. It would therefore appear, that if the projection 
of a point on the vertical, horizontal, and inclined planes 
be thoroughly understood, the projection of a curved line 
woidd be a simple matter ; but it is not so in all cases, 
The question naturally arises, where lie the diiEculties 
with which the student may have to contend in the present 
Chapter ? The answer is, not in the projection of a single 
point ; but in obtaining a perfect knowledge of the figure 
required to be delineated, and the relation or position 
which one point in a line bears to another, or, in other 
words, the distance from that point to tlie point beyond it. 
The whole subject of orthographic projection may almost 
be said to be comprised in the above simple sentence ; and 
every difficulty with which the student may meet will be 
removed if he can only answer that question when the 
projection of any point is required. In confirmation of 
these assertions, we have selected as our first example 
the projection of a compound curved line, taken from a 
portion of the framework of a machine, which the student 
will be better able to realise if he take a piece of lead or 
copper wire and bend it in such manner as to produce the 
form exhibited in the next wood-cut. 
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Problem XXV. 

Given two elevations of a curved line taken exactly at right 
angles to each ot/ter, to find tke prc^ectiop thereof in the 
lower plane. 

Art. 113. — Let a a'. Fig. 49, be a front elevation of the 
Fig- *9- curved line, and b b' 
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to saji 
p of a I 



hh' 



the appearance that 

figure would have 
if seen in the direc- 
tion of the arrow : 
therefore, the lower 
end of line h' is nearer to the eye than the upper end, 
because a', the corresponding point, is nearer the point of 
sight than a. If anynumber ofpoints,a3i,2,3,be takenin 
b b', there will be a certain distance from each of those 
points to some fixed point, line, or plane beyond them; and 
this ia precisely what we have to determine. From b let 
fall an imaginary line parallel to the plane of projection : 
such a line would be correctly represented by letting fall 
a vertical line from a. Now what is the distance from 
point 2 to the point beyond, or to the imaginary line let 
fall from b f Manifestly a' 2", For the same reason the 
distance from b' to the point beyond is equal to a' a" ; 
and so on with points 1 and s. Find, therefore, the pro- 
jection or plan of the several points, according to Theorem 
5 ; and through the points so found draw the curved line, 
which "vill he a plan of b b', or the appearance of the 
curved line as seen from above. 
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AltT. 114. — Another illastratioii, of a more familiar 
kind, is the following: — 
Fig. so. 



^ 



Let the right lino 
a, Fig. 50, represent 
an edge view of the 
Figure b; that ia to 
say, b is the appear- 
ance which a would 
present if seen in 
the direction of the 
arrow e : therefore the straight line a 
may be supposed to contain a comhi- 
nation of right lines with a curved 
line; or, in other words, the line a is 
supposed to contain the whole of the lines in b. It is 
now required to find the projection of a in the lower 
plane. 

From what has been said concerning the relative posi- 
tions of two figures or elevations in the vertical plane, 
it will be understood that the convex portion of the 
Figure a is that which is nearest to the eye ; such portion, 
in plan, will therefore be farthest from the intersecting 
line. Theorem 5, Chap. VI. Take any number of points, 
as 1, 3, 3, in line a, and draw lines therefrom parallel to 
the intersecting line, cutting Figure b in corresponding 
points. If an imaginary plane, parallel to the vertical 
plane of projection (Art. 92), he supposed to pass through 
point 3, which ia the moat prominent in the figure, aA 
edge view of such a plane will be correctly represented 
by c rf; and the distance from that imaginary plane to any 
point in line a can be ascertained by measuring ita diatance 
from c d, and a correct plan obtained. 

Art. 115. — It has been stated (Art. 32) that there are 
exceptions to the rule of making all elevations in the vertical 
plane; and, as we may now find it convenient to depart 
from that rule, we will give aa an illustration the following 
example :— Suppose A to be a plan of a building or machine 
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whereof a tVont elevation, end elevation, and transverse 
section are required. The front elevation would be repre- 
sented at B ; the end elevation at 
B (_■ c; and the transverse section 

would be most conveniently drawn 

I 1, in the position d. But a is a plan; 

whereas d is a sectional elevation 

A I) of A : therefore we have a plan 

and elevation in the lower plane 

Such an elevation may also, if required, be given on the 

left band of a, as in the next problem. 



Pboblem XXVI. 

Giaeti the plan and elevation of a curved line in combina- 
tion with a right line, to find the projection tliereof, 
when making any given angle with the vertical and hori- 
zontal planes. 

Art. 116. — Let a b, No. 1, Plate 5, represent a plan of 
the compound line, of whicli A b' C, No, 2, is an elevation, 
as seen in the direction indicated by the arrow d : that is to 
say, that portion of the original line from a to i ia of the 
same curvature as A b', Ho. 2 ; and ft^ni b, No. 1, to the 
I^Kiint beyond it ia a straight line, the length whereof is 
equal to h' C, No. 2. It is now required to find an ele- 
vation of the oritpnal line a 6 in the upper plane, as seen 
in the direction of the aiTOW e. 

Take any number of points, i, 3, 3, in a b, and draw 
lines therefrom parallel to i l, cutting a b'. No. 2, in corre- 
sponding points. Prodirce c b' indefinitely ; and at right 
angles to the line so produced draw lines from those points 
in the curved line corresponding to 1, 2, 3, cutting C b' 
produced in points i', 2', 3', a'. In the vertical plane, and 
at right angles to i L, draw a' c'. No. 3, equal in length 
to a' C, No. 2 ; and set off from c', on the line a' c', No. S, 
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the points b", \, 2, 3, equal to b' , i', a', 3', in No. 2. We havt; 
now got a certain number of original points in the lower 
plane, and points corresponding to them in t]ie vertical 
plane, the projection of which will be foimd by Theorem 3. 
To remove any difficulty, however, we may observe that 
the points 1, 2, 3, in the original line (No. 1) occupy a certain 
position with regai-d to some other point, such as h : that 
is to say, point 3 is further fcom the plane of projection, or 
nearer to the eye, than point b, by the distance b' s!. No. 2 ; 
and so on with points a and i. Therefore, since 1', 2', 3', 
No. 2, represent the vertical heights of those points, which 
have ]jeen set off upon a' c'. No. 3, their projection in the 
npper plane, as shown at No. 4, will be found as directed 
for the projection of a point. 

Draw b c, No. 5, at any angle to the intersecting line ; 
and make a b c, No. 5, a. fac-similo of No. 4. This will be 
best accomplished by producing c h indefinitely in both 
figures. Set off from b, No. 5, on c 6 produced, the same 
vertical heights 1', a', a'. Thi-ough such points draw ordi- 
nates or lines at right angles to b e ; make each of the 
lines so drawn in No. 5 equal to their corresponding lines 
in No, 4, as 3' 3, No. 4, and 3' 3, No, 5 ; and through these 
points draw the curve a 3 s 1 i. The plan of No. 5 will 
now be found as directed for the projection of a point 
(Theorem 3), and clearly sho^vn by projecting rays from 
Nos, 1 and 5 to No. 6, which is a plan of No. 5. 

We will now suppose No. 5, as in the case of the hex- 
agonal prism, to move uiwn t- as a centre, in such manner 
that every point will describe a circular plane pai-allel to 
the intei-secting line, and at right angles to the vertical 
plane, — the motion being right-handed; in which case 
the point a. No. 5, would recede from the eye and 
approach tlie vertical plane. The direction of such motion 
i\-ould be clearly indicated in No. 6 by the arrow (Aet. 
73). Let a .v, No. 6, be the extent of the motion of No. 5. 
Required its projection in the upper plane under these 
circumstances. 
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Parallel to the intersecting line draw a' c'. No. 7, inde- 
finitely ; from c', with a radius equal to -c a'. No. 6, describe 
the portion of a circle a' i^ ; with the distance a x. No. 6, set 
off a' x'. No. 7 ; and join x' c'. Then will a' c'. No, 7, be the 
position of c J a'. No. 6, after making a x portion of a revo- 
lution. Set off the distances c, h, l', a',3', a". No. 6, upon c' a;'. 
No. 7 ; at right angles to c' ai' draw the ordinates ; and pro- 
ceed with a copy of No, 6 as directed for No. 5. We have 
now got in No. 7 a series of points, c, b, i, 2, 3, a, correspond- 
ing to similar points, c, h, I, a, 3, a, in No. 5, tho projection 
of which will be found in the upper plane by Theorem 3. 
Therefore ab c, No. 8, is the projection of No. 5 ^urned 
upon c as a centre, through a ai portion of a revolution. 

Art. 117, — If the student will now refer to Drawing H, 
he will there see an application of the foregoing principles, 
which will afford him a good subject for practice. As a first 
step, however, he may take the upper portion of the figure 
only, which is nothing more than a repetition of the pre- 
ceding problem on six right lines, as 1, 2, 2', &c., No. 1 ; 
and we would here caution him against the use of a separate 
letter or character to denote each point of which the pro- 
jection on the several planes is required, as such a course 
would involve him in difficulties sufficient to disgust the 
moat patient and persevering. The simplest way of going 
to work is to consider all the angles of the liexagonal 
block (of which No. 1 is the original figure or plan) as so 
many principal lines, numbered I, 2, 2', 3, 3', 4, and having 
determined upon the points to be taken in each line, he has 
then got points 1,2,3,4,5,8,7,8 inline 1, points 1,3,3,4,5,6,7,8 
in line 2', and so on in lines 3' and 4. By tins course we 
get the whole number of points, amounting to about 72, 
and no less tlian 60 lines in each figure, visible and invi- 
sible, clearly and systematically denoted by eight charac- 
ters or figures. Again, in finding the projection of No. 1 
in the upper plane, it is only necessary to obtain by pro- 
jection the several points 1, 2, 3, 4, 5, 6, 7, 8 on lines 1 and 2'. 
Having done this, draw the centre line A B. Then com- 
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e with No. 3, by drawing the vertical heights parallel 
to the inclined plane; and at right angles to the plane 
draw the centre line a' b'. Now proceed to set off on 
eaeh side of the line a' b' the distance of the several points 
from the centre line A n, No. 2. Whilst the compasseB 
are set for any particular point, the same distance may be 
marked off on the right hand of A B, No. 2. This mode 
of proceeding may also be practised with Nos. 4 and 5 ; bnt 
the projection of No. 6 must be obtained by Theorem 3, 
as already described. It will be observed that the project- 
ing rays from points 3, i, 6, 0, 7, B, on line or angle 2', are 
shown in No. 2, and that the projecting rays from the 
same points on line or angle 3, are exhibited in Nos. 
3, 4, 5, and 6, Much time, likewise, may be saved in 
the projection of these iigures by a peculiar mode of 
manipulating with the set squares, wliich can only be 
learned by practice or from oral instruction. 



Phoblem XXVIL 

Oiven the edge view of a circular plate in the lower plane, to 

find its projections. 

Akt. 118. — Ifia,No, l,Fig.51, represent the edge view 

of a circle, whereof 1 1 



or 2 c is the radius, the 
elevation of such a 
figure would be ob- 
tained by drawing a 
line from c at right " 
angles to i L. From 
any given point in the 
line drawn from c 
(as (/), with a radius 
equal to i c or 2 c, de- 
scribe the circle 1' 3 
9' i : then will 1' 3 a' 4 



Fig. SI 
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be tlie elevation of the right Hne i a, which is said to 
be the plan or edge view of a circle. 

Since the circular plate in No. 2 is parallel to the plane 
of projection, an edge view, as seen in the direction of 
the arrow b, would also be a right line. From points 3 
and 4 draw lines parallel to I L, and at right angles 
thereto draw 3 i. No. 3 : then will No. 3 be an edge view 
or elevation of tlie circular plate in the vertical plane 
(Art. 28). 

Again, a plan of No. 3, as seen in the direction of the 
arrow c, will also be a straight line, equal in length to the 
diameter of the circle ; and since No. 3 is at right angles 
to the plane of projection, No. 4, which is a plan of 
No. 3, will be at right angles to the intersecting line, 
and aJso to its plane of projection. 

Art. 119. — As a knowledge oftlie relative position of the 
several points in the above projections of a circle will bo of 
service in the next chapter, it is necessary to observe that 
point i'. No. 3, is the nearest point to the eye, and that its 
position in No. 4 will therefore be i (Theorem 5). The point 
beyond ]', No. 3, is /, and its position in the lower plane 
is 2. Again, point s' in the lower plane is the plan of 3 ; 
and the point beyond s'. No. 4, is the plan of point 4, 
No. 3. The motion supposed to be given to Nos. 1 and 2 
(as indicated by the aiTow a. No. 1), in order to produce 
Nos. 3 and 4, is evidently left-handed ; and this is always 
the case when the elevation required is that seen in 
direction of the arrow 6. If the elevation were taken in 
the opposite direction, the motion would be right-handed : 
that is to say, the original figures, Nos. 1 and 2, would 
be turned in such manner that the edges marked a a' 
would be nearest the eye in the elevation, No. 3, and 
farthest from the intersecting line in the plan corresponding 
to No. 3. 
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Problem XXVIII. 

Given the plan of a circular plate which inalfi an an tie of 

90" with the horizontal plane and 45° uith the letti il 

plane, to find the elevation. 

Art. 120.— At an angle of 45° ^"- - 

with the intersecting line, draw a b, 
Fig. 52, equal in length to the dia- 
meter of the circular plate to be pro- 
jected. Bisect a 6 in c, and from 
each of the three points, b, c, a, draw 
lines at right angles to i L. Parallel -i- 
to I L, draw b' a', cutting the centre 
line drawn from o in e. From e, as 
a centre, set oS ecf, e d', each equal 
to the radius o « or c 6. Then will 
h' a', c' d', be the projection of four 
[Mjints in the figure. 

Akt. 121. — The projection of any number of mfernie- 
diate points may be obtained in the following monnLr — 
From c, as a centre, describe the arc b d a whuli may 
he supposed to represent the lower half of the circular 
plate, bent at right angles to b a, the upper half. From 
c draw c d, at right angles tab a; and pai-allel to c rf 
draw any number of ordinates, i i', 2 a'. Now, since the 
distance from c to the point beyond it is equal to twice 
c d, the radius, it follows that the distance from 3 to the 
point beyond is equal to twice a a'; and so on with points 
1 i'. Therefore, from points i and 2 in the line a b, draw 
lines parallel to c' d', making them equal in length, on 
each aide of b' a', to the ordinates from which they are 
drawn; and through the points so foitnd draw the line 
a' c' b' d', which will form an ellipse, — b' a' being what is 
called the minor axis thereof, and </ d' the maj<yr axis. 

Art. 122. — Amongst various methods of describing 
an ellipse which have been given by different authors. 
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the following has been adopted by the writer for many 
yeara in preference to all othera; and as there will be 
several examples in which it may be nsefully applied, no 
apology need be offered for introducing it here. 

Let ab,cd, No. 1, represent the minor and major ases, 
or the four points through which it ia required to describe 
an ellipse. In any convenient part of the sheet of paper 
Fig. S3, on which the dmwing is tA be 

made, draw two lines, /p, fh, 
No. 2, at any given angle with 
each other. From /, with the 
distance e a, or e b, the semi-axis 
minor, describe an arc cntling 
the two lines /g,/k,m ik; and 
from /, with the distance e c or 
e d, the semi-axis major, describe 
an arc, Im, Join i m; and from 
I and k draw lines parallel to 
i m, cutting/^, fh, in o and p. 
From c and d, No. 1, set off the 
distance fo. No. 2, in points o' o'; 
and from o' o', as centres, with / o as radius, describe an 
arc of about 15° on each side of the major axis. From a 
and h. No. 1, set ofi' on the minor axial line the distance 
f p, No. 2, in points p' p". No. 1 ; and from p' p", as 
centres, describe arcs through a and b of about 15° on 
each side of the axis a b". To obtain any number of inter- 
mediate points, take a slip of paper, A B, and mark upon 
one edge, with a sharp-pointed pencil, i, 3, equal to the 
semi-axis major, and 2 3, equal to the semi-axis minor. If 
the slip of paper be now applied to No. 1, and moved 
over the figure in such manner that point 3 is always in 
contact with the major axis, and point 1 in contact with 
the minor axis, the outer point 3 will describe a perfect 
ellipse, auy number of points in which can be marked off 

* The length of the area on each side of the axis will vary from 
^ 10° to 40°, — tho extent being deterrained by a correct pye. 
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as the "trammel," a b, is moved into snticessive positions. 
For drawing lines through the points so found, a "French 
curve " will be of service.* 

Art. 123. — As an example for practice the student 
may now take the following illustration, Fig. 54, which 
represents an edge view or elevation of a V-grooved 
pulley, say 5 inches in diameter, with a " boss" in the 
centre 2 inches diameter. Fig. 54. 

Required a plan of the 
pulley, which makes any 
given angle with the in- 
tersecting line, also a 
sectional elevation taken 
through the line a b, and 
a plan of the section. 
The ellipses in this exam- 
ple are to be worked out 

according to the instruc- '^ '~~ ~~ — ^~ 

tions given in Akt. 122 ; and the several points in the line 
of section are to be obtained as described in Aut. 121. 




Pkoblem XXIX. 

To find the projections in the upper and lower planes of a 
circle which makes any given angle witli those planes. 
Art, 124. — Let No. 1, Fig. 55, represent a plan of the 
circle required to be projected, and a' b', No. 2, the angle 
which the projected circle is to make with the vertical and 
horizontal planes. Make a' b'. No. 2, equal to the diameter 
a b. No. 1 ; and bisect a' h' in c'; then will c' be the 
position of c. No. 1, and the point beyond c' the position 
of d. No. 1 (Art. 92). The projection of the points 
a', b', c', and the point beyond c', by Theorem 3, will give 
the minor and major axes of an ellipse. Now measure the 
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distances of poijits a and 4 fr< 
Fig. 55. 




M centre line d c, No. 1, 
aiiJ set them ofFon each 
Bideoft/, No. 2, inpointB 
4, 2. If lines be drawn 
&0D1 4, 3, No. 2, and 
from 1, 3, or 3, 4, No, 1, 
the intersectiona will 
give the projection of 
four intermediate points 
i', a', a', i'. No. 3, 
through which tlie curve 
of tlic ellipse can be 
drawn. In finding the 
projection of No. 2 in 
the lower plane, we maj take point c' and the point 
beyond it to represent points a and b, No. 1 ; in which 
case a' V, No. 2, would correspond to d c, IJo- It the projec- 
tion whereof, together with the intermediate points i, 3, 3, 4, 
can be obtained by Theorem 3, as clearly shown by the 
projecting rays. "The above conditions are only true, how- 
ever, when the original circle is divided into an equal 
number of equal parts ; becanse, when getting the projec- 
tion No. 3, No. 2 is supposed to be an elevation of No. I 
looking in the direction c d; and when getting the projec- 
tion No. 4, No. 2 is supposed to be an elevation of No. 1 
as seen in the direction a b : therefore the four projections 
cannot be said to agree, although the course here pointed 
out may in practice be adopted with equilateral and equi- 
angular figures (Akt. 98). 



Problem XXX. 

To find in Uie nppeT and lower planes the projections of a 
sphere vnth twelve meridians and four parallels on each 
side of the equator. 
Art, 125. — The projections of a sphere, whether on 

the vertical, liorizontjil, or inclined pianos, will in nil 
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cases be a circle eqnal in diaineter to the diameter of 
tlie sphere: such a circle is therefore called the great 
circle of the sphere. 

Let No. 1, Drawing I, represent a plan, and No. 3 the 
elevation, of a sphere, the axis whereof makes any given 
angle, a c d, with the vertical plane. Divide the circum- 
ference of No. 1 into twelve equal parts, and draw the 
lines A B, C D, E F, &c. Through the centre of No. 2 draw 
a' b' at right angles to a b. Divide a a', a' b, each into 
five equal parts in points i, s, 3, 4; and draw 1 1', a a', &c., 
parallel to a' b'. Then will a' b' represent the equatorial 
circle, and the lines 4 *', 3 a', &c., the four pai'allcl circles 
in the upper or northern hemisphere. From the centre 
of No, 1 describe the concentric circles i, a, 3, i, equal 
in diameter to the right lines i i', 2 s', 3 s', 4 *', No, 2, 
respectively. Having now got the plan and elevation of 
a number of circles, their projections, or the projec- 
tions of such portions as are visible within the great 
circle. No. 3, will be obtained according to instructions 
given in the last problem. In constructuig the ellipses 
the mode described in Art. 122 will bo found the best, 
inasmuch as it avoids the use of consti-uction lines within 
the figure. The projection of the parallel circles being 
completed, the twelve meridians, or such portions of them 
as come within the great circle. No. 3, will be obtained 
simply by finding the projection of those points in No. 1 
where the meridians cut the parallel circles, as 1,2,3,4, g, 
by Problem XXIX. [See Nos. 1 and 4, Fig. 55]. Through 
the points so found draw the meridional circles, which will 
complete the projection of No. 3, The projection of No. 4 
will also be obtained by Problem XXIX. [see Noa. 1, 2, 
and 4], and as clearly shown by construction lines drawn 
from the parallel circle 3 &' and meridian G H. 
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CHAPTER Vlir. 
On the Projection of Conic Sections, 



Before entering upon the subject of the projection of 
conic sections, it is necessary to direct attention to the 
following definitions : — 

i AitT. 126. — 1. If a cone be cut by a plane 

A'i passing through the vertex to the base, and 

/' ] \ making any angle therewith, the true form of 

// I \ section will be an isosceles triangle." 

A 2. If a cone be cnt by a plane at right 

_. j^_\_ angles to the axis, or parallel to the base, the 
[_, A section will be a circle. 



3. If a cone be cut by a plane wliich passes 
\ y through the opposite sides and makes an angle 
A with the axis other than a right angle, the 
\ section will be an ellipse. 

4. If a cone be cut by a plane perpendi- 
cular to the base, but not through the axis, 
the section will he an hyperbola. 



h 



5. If a cone be cut by a plane parallel to 
one of its sides, the section will be a parabola. 



• The true form of section of an object a that which it presents 
when viewed at right angles to the plane of section. 
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6. The plau of a cone, the axis of which is perpendicular 
to the plane of projection, will be a circle, the diametei' 
whereof is equal to the base of the cone. 

As the delineation of conic sections depends on a know- 
ledge of the projection of a given point upon the surface 
of the cone, it is presumed that if the tbllowing illustra- 
tion be understood, the geometrical construction of the 
sections of a cone, in whatever direction it may be viewed, 
will be a comparatively easy task. 



Problem XXXI. 

Given t/ie elevation of a cone and the position of a point o?t 
its surface, to find Hie projection of the cone ami point in 
the lower plane. 

Art. 127.— 1st Method. Let a b c. No. 1, Fig 5fi, be 
the elevation of a cone, and e the given point, Frgm b, 
the vertex, draw b h' at right P'K- S6. 

angles to the intersecting 
line; and from any point iii 
the line 6 V , as b' , describe 
a circle, o' e', equal in dia- 
meter to the base of the cone. 
Then will a' c' be a plan of 
the cone aic (Def. 6). From 
h draw a right line through 
the given point e, cutting 
the base of the cone in /, 
From f draw f f parallel to 
6 V , cutting the circle a' c', 
No. 2. in /. Join /' b'. Then will /' b' be a plan of the 
right line bf. No. 1, If from e, the given point, a line 
be drawn parallel to b V , its intersection with the liney i' 
will give the plan or projection oftheorigmal pomt. If, 
however, the given point were at or neai the centre of 
the cone, as g, its position in the plan could not be fotmd 
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as above described. It is, therefore, desii'able to ad( 
that method of finding the projection of a point which is 
the most general in its application. 

Art. 128. — 2nd Method. Let b a c, Fig. 57, repre- 
sent the elevation of a cone, and b' c' the plan thereof, as 
before. Through the centre of the plan draw the line 
P^. S7. b' e' parallel to the intersect- 

a ing line. Then will the 

semicircle b' g' g'. No. 2, be 
J/? J. / I \ a plan of the right line b c. 

No. 1 : therefore 4 c is the 
elevation of the semicircle. 
_i. Again, the plan of any given 
point or points, as / and g. 
No. Ijwill be determined by 
drawing lines therefrom at 
right angles to the base of 
the cone, cutting No. 2 in 
points/' g' ; moreover, fr-om 
/, No. 1, to the point beyond, 
will be equal to / / (Art. 121). Tliis method of ob- 
taining tlie projection of a point on the base of a coue 
suggests a simple mode of finding the projection of any 
given point on the surface of a cone, or the length of any 
right line drawn through the cone at right angles or 
perpcndicnlar to the plane of projection. For let o be the 
given point, and let it be required to find its position on 
the plan, and the length of the line drawn through the 
cone at that point. Through o draw k I parallel to the 
base. We may now suppose k a I to he a separate and 
distinct cone, of which k I is the base. If, therefore, from 
a'. No. 2, as a centre, we describe a circle equal in diameter 
to the lino k I, the plan of any given point in that line, 
and the distance through the cone at that point, will be 
determined as hereinbefore described for point/; that is, 
the plan of point o will be o', and from o to the potflt 
beyond it will be equal to o' o". 
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It will also be manifest that the elevation of any given 
point, o' , on the plan of a cone can be found by reversing 
tbe operation ; i. e., from a' througb the given point o' 
describe a circle ; find the elevation of the circle on the 
surface of tlie cone, as k I; erect a vertical line from the 
given point, as o' o ; and the point of intersection with the 
lino /c I wiJl be the elevation of the given point o'. 



Pkoblem XXXII. 
Griwn the elevation of a cone and tite direetion of the line 

of section; required the plan thereof, a sectional elevation 

at right angles to the line of aectioti, and also a plan of 

the sectional elevation, 

Akt. 129, — Let b a c. No. 1, Drawing J", be the eleva- 
tion of a cone, and A B the line of section. Produce a d, 
tho axis of the cone, indefinitely ; and from any point 
therein, as a', describe a circle, b' c', equal in diameter to 
the base of the cone. Upon the line of section a b, take 
any number of points, i, 3, 3, &c., and find the thickness 
of tbe cone at those points ; or, in other words, get a 
sectional plan of the cone 6 a c, by ascertaining the length 
of the ordinates at points a, 3, 4, 5 (Akt. 128). Find 
also the plan of points i and 6 on the line b' c'. No. 2; 
and through the points so found di-aw the curve, wliicli 
will be an ellipse, or sectional plan of No. 1, as seen from 
above, perpendicularly to the base of the cone. 

Art. 130. — It is required to find a sectional elevation 
of No. 1, supposing that figure to bo viewed at right 
angles to the line of section, as indicated by tbe arrow e. 
Draw C D, No. 3, perpendicular to i l; and let c D 
represent the centre line of the object when projected. 
From D, the point where A B cats i L, draw b b parallel 
to C D. From b as a centre, with the distance i, a, 3, &c., 
as radii, describe the arcs i i, 2 a, &c., cutting B e in 
points 1, a, 3, &c. Then will b B, on the line B E, be equal 
to B 6 on the line of section ; tiie remaining distances will 
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aJso be equal. From points l,i,S, &c., on B E, draw lines 
parallel to l L, cutting C D in corresponding points ; and 
make the length of the lines on each side of C D equal to 
the tluckneas of the cone at the point from which the line 
proceods. For instance, the thickness of the cone at point 
3 13 equal to 3 3', No. 2 ; therefore measure 3 3' from b' d , 
No. 2, and set o£f those distances on each aide of c Dj 
No. 3 ; do the same with the remaining points ; and then 
draw the curve, which will be an ellipse, representing 
the boundary of the cone on the line of section. 

If No. 1 were seen in the direction of the arrow e, the 
appearance presented by the base would be that of an 
ellipse, because the base of the cone, which is a circle, is 
viewed obliquely (Art. 124). From b, d, and c. No. 1, 
draw lines parallel to the visual rays, cutting the line of 
section a B in 6' d' c'% and find the position of those 
points on c d. No. 3, in the same manner as described 
for points 1, 2, a, &c. Now from d. No. 1, to the point 
beyond, is equal to the diameter of the base of the cone ; 
therefore, having found the projection of points b' c', as 
at y c", No. 3, and also d' drawn from the centre of the 
base of the cone ; make tf' d", No. 3, equal to the diameter 
of the base. Then will 4", d", b", c", represent four points 
in the ellipse, which may be drawn as directed by 
Abt. 122. If the line drawn from point b. No. I, cuts 
the line of section within the cone, as in this case, the 
two ellipses representing the section and base respectively 
must be joined by two right lines drawn tangentially to 
the ellipses, as shown at No. 3 ; but if the angle of A B be 
such that the line drawn from point b falls without the 
cone — that is, in some point between a and 6, No. 1 — the 
tangential lines in No. 3 will not be required, because the 
ellipse or projected base of the cone will be above the 
ellipse or projected section of the cone. 

Art. 131. — It is now required to find a plan of No. 3 
as seen in the direction of the arrow/; and we would again 
remark that the student should make an attempt to solve 
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each problem before he reads the explanation of the 
figure. Presuming that this practice hag been adopted, 
and that a little difficulty in realising the position of the 
figure has been experienced, he must aak himself, what is 
No. 3? Tfie answer is, an elevation of No. I, looking in 
the direction of the arrow e : that is to say, the plane 
of section, No. 1, is at right angles to the visual rays; 
consequently the plane of section in No. 3 is parallel to the 
plane of projection ; a plan of the plane of section will 
therefore be a right line. Tangential to the minor axis of 
the ellipse, No. 3, and at right angles to I L, draw lines 
3 3, 3' s'. At any convenient distance from the intersect- 
ing line draw a 3', No. 4, parallel thereto. Then will a 3', 
No. 4, be a plan of the plane of section 3 1 3' G, No. 3. 
This will be evident if we suppose the line of section a b, 
No. 1, with the base of the cone attached, to move on b aa 
a centre until it coincides with the line E B; and when in 
that position, if we imagine the cone to tuim one-fourth of 
a revolution on E B as an axis, its appearance would be 
precisely thatof No. 3. Nowthere is a certain distance from 
point 1, No. 3, to point 0", and also from point 6 to b" ; which 
distances will be determined by measuring the length of 
the lines 6 b', c c' , No. 1. Moreover, since the visual rays, 
when viewing No. 3 in the direction of the arrow/, are 
parallel to tlie plane of section, the appearance of No. 3 
will be precisely that of No. 1, if seen in the direction of 
the arrow g. The base of the cone will therefore appear 
aa a,n ellipse, the projecting rays of which are represented 
by dotted lines bt,dt,et, drawn from fi, d, c, parallel to 
A b; the distance between the projecting ray from 4 and c 
being the minor axis. Therefore, from 3 3', No, 4, set off 
on the centre line c D produced, the several distances c c', 
d d', b b', No. 1, for the minor axis and centre of the 
ellipse ; from d!' d". No- 3, let fall vertical lines for the 
major axis ; and then describe the ellipse as shown at 
No. 4. From points 3 3' draw lines tangential to the 
ellipse ; and the plan of No. 3 will be complete. 
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Akt. 132. — If" the student have thoroughly understood u 
projection of a point on the surface of a cone, he should 
now be able to find the sectional plan or sectional elevation 
of such a figure when cut by any plane (as shown by the 
curved line drawn upon the surface of No. 5), in whatever 
direction that figui-e may bo viewed: thatis to say, whether 
the projecting rays are in the direction of the arrow a, b, 
or c. Suppose the direction to be as indicated by the arrow 
b, which is parallel to i L, but which makes an angle of 
40° with the vertical plane, and that it is required to find 
the elevation of No. 5 under these circumstances. Take 
any number of points in the given curved line, and find 
by Art. 128 a plan thereof, as shown at No. 6. Then, 
since 55 == 9, it is evident that No. 5 will require to be 
turned upon its axis one-ninth of a revolution. Let 
No. 7 represent a plan of the cone in that position, in 
which case we shall have a number of points In the 
horizontal plane, and points corresponding thereto in the 
vertical plane, the projection whereof, as shown at No, 8, 
will be found by Theorem 3, page 53. 

It will also be evident that by the use of the inclined 
plane a sectional elevation of No. 5 can be obtained, when 
viewed in the direction of the arrows a or c, whether such 
arrows be parallel to or at an angle with the vertical plane. 

Another mode of obtaining the sections of a cone is 
^ven in the next problem. 



Problem XXXIII. 

Given the line of section which passes through the a 



,0/ 



a cone, to find Hie section of the c 
Art. 133. — Let ba c, Fig, 58, be the elevation of a cone, 
andde the line of section. Through the apex of the cone 
draw af parallel to the base, and produce d e both ways, to 
meet afinf, and c b in g. On 6 c describe a semicircle, 
and divide it in any number of points, 1, 3, 3, 4. From 
points 1, -2, 3, 4, draw lines parallel to the base, cutting the 
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axis of the cone produced in points l', 2', 3'. From ij draw 

1/ h at right angles tofg ; make g h eqnal to g' 4, and tlie 

Fig. S8. 
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points in ^ A equ&l to the points in g' i. From points 

1, a, 3, in g h, draw lines to meet in /; then from points 

1, a, 3, in the quadrant 4 c, draw lines at right angles to 

the hase of the cone; and fr«m the points of intersection 

ivith the base, draw lines to the apes of the cone, cutting 

tlic line of section" d e in points i, a, 2, 1. If lines be 

now drawn from the last men- „. .„ 

, . . , P'g- 59- 

tjoned points at right angles to 

d e, their intersection with the 
lines drawn to / from correspond- 
ing points in the line g k will give 
the form of curve. " 

The above figures and letters of 
reference, with the exception of 
point 4 on the line of section, apply 
to Fig. 59, in which the line of sec- "' 
tiou is drawn parallel to the side a b 
of the cone, consequently the form 
of curve is a parabola (Def. 5, 
page 100). 
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^^^^5nTHE PuNETHATION and InTEUSECTION of SOLIDST" 



It sometimes happens in the delineation of the minor 
parts of mechanical and architectural structures that one 
solid of revolution, such as a cylinder, cone, or sphere, 
ia joined to or made to penetrate, aa it were, another solid. 
One of the most familiar illustrations is that of a steam or 
water pipe upon which ia cast, at any given angle, a 
branch pipe of unequal diameter. In this case the joining 
of the two pipes will produce a line ; and it is the projec- 
tion of such line or lines, caused by the penetration of one 
solid by another, that wa are about to describe. In 
entering upon this subject, it is necessary to remark 
that the lines of wliich the projections are required are 
found by the use of a number of intersecting planes ; 
that is, by dividing each solid by a plane or planes com- 
mon to both. These planes may either he perpendicular, 
parallel, or inclined to the planes of projection ; but in 
order that the operation of finding the projection of the 
linos of penetration may be as easy as possible, it is desir- 
able, before commencing each problem, to fix upon that 
direction for the interceding plane lehich icill give the most 
simple form of section. For instance, a cylinder may be 
cut by a plane obliquely to the axis ; but a more simple 
form of section would be at right angles or parallel to the 
axis, aa will appear from the two following problems. 
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Problem XXXIV. 

To find the sections of a cylinder when cut by planes at 
right angles lo its axis, and also when cut by planes 
parallel to its cutis. 

Akt. 134. — Let a, c, d, b, No, 1, Plate 6, represent the 
elevation of a cylinder, cut by a plane, ef, at right angles 
to the plane of projection, — the axis of the cylinder being 
parallel to the plane of projection. The section of such a 
figure will evidently be a circle, equal in diameter to the 
diameter of the cylinder (Art. 118). Therefore the circle 
No. 2, of which a' b' is the diameter, is a sectional plan of 
the cylinder a, b, d, c, taken through the line e/.* 

Suppose No, 1 to be cut by a plane, 3 a, at right angles 
to the plane of projection and parallel to the axis of the 
cylinder. The fonn of section in this case will be a rec- 
tangle of the same length as the cylinder, and in breadth 
equal to 3 3', No. 2. An elevation of No. 1, if seen in the 
direction of the arrow g, will appear as shown at No. 3, in 
which the sectional part a' s, 3 a', is made equal in breadth 
to 3 s'. No. 2. Again, if No. 4, which is a plan of No. 3, 
be divided by any number of planes, i, 2, 3, the projections 
of those points where the cutting planes come in contact 
with the cylinder will be obtained in No. 3 by drawing 
lines from i 1, 2 3, 3 3, parallel to the axis of the cylinder, 
as shown by the projecting rays. Then will the lines so 
drawn represent the point or line of contact of each 
cutting piano with the surface of cylinder, or, in other 
words, the entrance and exit of each plane ; for instance, 
plane a a may be supposed to enter the side of the cylinder 
No. 3 at line sf a', and leave it at line 3 a. 



• It wjil be sufficient in theae examples to consider tlie projected 
figures oa sections, nithout denoting l.hem as such bj the Bection 
lines described in Art. 12. 
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Art. 135. — We will now lake the case of a horizonta 
cylinder, of which o o o o. No. 5, Plate 6, represent a 
front elevation ; the axis of the cylinder being parallel to 
the intersecting line and also to the plane of projection. 
If we now suppose such a cylinder to be divided or cut 
through its axis by a plane, o o o o, parallel to the vertical 
plane, and by any number of other planes parallel to the 
first plane, the end elevation of the cylindor and direction 
of the cutting planes would be correctly represented by 
lines 0, 1, 2, No. 6, drawn perpendicular to i L. [Read 
Art. 28.] 

For the sake of perspicuity, wo shall, in the problems 
■of this chapter, distinguish the cutting or intersecting planes 

\ by 0, 1, 2, 3, &c. : viz., zero plane ; first plane, or plane i; 

[ Becond plane, or plane 2; &c. The zero plane will in all 

I pases be that which passes through the axis of the solid; 

r and the last plane will generally be a plane drawn tan- 
gential to the solid, and sometimes called the tangential 
plane. Again, the distances of the planes 1, B, 8, &c., from 
the zero plane will always be measured on a line denoted 
by the letters A B. [See No. 6.] 

Art. 136. — Let it be required to find the projections 
of the lines formed by the cutting or intersecting planes 
1, 2, 3, No. 6, on the surfaces of the two cylinders Nos. 5 
and 7. 

With regard to the projections of the lines on No. 5, 
the operation is like that already described for No, 3 ; the 
only difference being that of drawing horizontal lines 
instead of Tertical lines from the points of intersection of 
the cutting planes, 1 3 3, with the surface of the cylinder 
(No. 6). Then will 2 2, No. 5, be the point or lino at 
which the second plane enters the cylinder, and a' a' the 
point or line at which such plane leaves the cylinder. 
Similar remarks may be made respecting the other planes 
(Art. 134). In order to find the position of the intersect- 
ing planes on the surface of No. 7, measure the distances 
of the several planes from zero on the line A n. No. fi. 
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which is an end elevation of the penetrating cylinder. Draw 
lines 0, i, 2, s, perpendicular to the intersecting line, to 
represent the tangential and cutting planes ; and lind their 
position in No. 2, as shown by dotted lines, and explained 
in Art. 136. We can now suppose the two cylinders, as 
shown at No. 1, to be divided or cut by the planes 0, 1, S, 
which are parallel to the axis of each cylinder, and also 
to the upper plane (Art. 28). On referring to No. 2, 
it will be observed that the tangential plane,. 3, touches 
or comes in contact with the vertical or large cylinder in 
point 3'. If, therefore, a line be drawn from a' parallel 
to the axis of the verticil cylinder, its point of intersection 
3" with the centre line of the horizontal cylinder will give 
the extreme point in the curved line of penetration ; for 
it will he evident that such point cannot extend beyond 
3", — that is, it cannot be nearer to the centre of the ver- 
tical cylinder. We will now take the second plane. From 
those points where plane s cuts the circle. No. 3, draw 
horizontal lines, which will represent a section of the 
horizontal cylinder cut by plane 2; and if we find a 
section of the vertical cylinder cut by the same plane, 
the intersection of the two sectional planes at s' s' will 
give two more points in the curve, A similar mode of 
proceeding is adopted with the planes 1 and 0. [Read 
Theorem 3.] 

If the student carefully examine the dotted lines drawn 
upon No. 1, which proceed from any one of the cutting 
planes, it is confidently hoped that he will thoroughly com- 
prehend the principles which govern the projection of the 
lines of penetration of solids. For example, if we follow 
the direction of the lines drawn from those points where 
plane 2 cuts the circle No, 3, we shall find that the 
section produced by such plane will be a rectangle or 
oblong, a c d b. Again, the section produced by the same 
plane passing through the vertical cylinder [see No. 2] 
will be eghf. No. 1. Now the points s' 3', where these sec- 
tional planes meet or intersect, will in all cases be in the 
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curved line of penetration : therefore, the first thing to be 
considered, in all problems of this nature, is the direction 
in which the cutting planes are to be applied, so as to f^ive 
the moat simple form of section for hoth solids. 



Problem XXXVII. 

Given tico eylinders of equal diameter intersecting each other 
at right angles, to find the projection of the lines of pene- 
tration when the axis of the horizontal cylinder is parallel 
to the vertical plane, and also when it makes any given 
angle with such plajte. 

Art. 139. — LetNo. 4, Drawing K, represent apian, and 
No. 5 an elevation, of two cylinders intersecting each other 
at right angles, like those parts of gas or water pipes to 
which the hranch pipes are connected. If we adopt the 
same mode of proceeding as that described for the projec- 
tion of No. 1, it will be found that the lines of penetration 
will be projected into right lines as shown at No. 6, instead 
of curved lines as in No. 1 : this is always the case when 
the two cylinders are of the same diameter. 

In finding the projection of these figures, the operation 
will be simplified if each of the semicircles 3 0, o' 3 o', 
Nos. 4, 5, and 6, be divided into an equal number of equal 
parts, through which lines i i, 2 a. No. 5, may be drawn to 
represent the intersecting planes. Presuming these planes 
to be drawn in the plan No. 4, and the projection of the 
lines of penetration to be found as directed in Problem 
XXXVI., we can now proceed with the projection of 
No. 6, as shown at No. 7. 

Let L s T, No. 6, represent the angle which the axis 
of the horizontal cylinder is to make with the vertical 
plane. Produce S T indefinitely ; and upon the line so 
produced, as a centre line, draw No. 6, making it a fac- 
simile of No. 4. From point 3, No. 5, draw a line parallel 
to I L, as a centre line for the liorizontal cylinder No. 7. 
Find the projection of the end of the cylinder, a b. No. 6, 
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and also of the concentric circle representing the ii 
surfiice uf the cylinder, by Art. 120. Find in like manner 
the elevation of the aenii-cylinder or ellipse c* b'. No. 6. 
in points /, b\ tt, No. 7. Join c' c", d' cT, which wiU com- 
plete the projection of the horizontal cylinder, the axis 
whereof will make an angle witlt the vertical plane equal 
to L s T. Through the centre of the vertical C3-Iinder, 
No. 6, draw/*? parallel to l L: then will the semicircle 
/a g be that portion of the cylinder which is presented to 
the eye. Find the elevation thereof and proceed with the 
projection of t!ie curves by Theorem 3 ; for, since points 
o', i', 2', 3', on the line of penetration. No. 5, correspond 
with 0', 1, 3, 3, No, 6, the projection of those points will 
be found as described. It is necessary, however, to give 
Bome explanation about the beginning and termination of 
the two curves, to remove the difBculties which are ofben 
experienced by students when finding their projection. 
From 0', No. 6, draw a line at right angles to I L, cutting 
1/ e" in 0" : then will c' 0", No. 7, be the elevation of the 
right line c &, No. 6 ; and the end of the line, or point 0", 
will be the beginning of the curve. To find the termina- 
tion, it will he requisite to determine the length of the 
right line at point g. No. 6, on the vertical cylinder, — 
that ia, the point at which a right line drawn upon the 
vertical cylinder at ff would come in contact with the 
horizontal cylinder. Measure the chord of the arc from 
3 to g. No. 6, and set off the length of the chord from 3 to 
g. No. 4. From g, No. 4, draw g' k, No. 5, parallel to 
3 3' : then will g' h be the length of the right line, and k 
the point at which that right line will come in contact 
with the horizontal cylinder. From h. No. 6, draw a line 
parallel to l L, cutting the vertical line drawn from g. 
No. 6, in /*', which will he the termination of the curve. 
Art, 140. — The style of shading exhibited in No. 7 is 
frequently resorted to in outline drawings of machinery, 
for the purpose of producing the effect of a cylindrical 
surface. The operation ia as follows : —Having deter- 
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mined the darkest part of the cylinder (Art. 64), com- 
mence at that part by drawing thick lines parallel to the 
axis, taking care that each successive line is somewhat 
lighter or thinner than the first, which may be effected by 
adjusting the screw of the drawing pen, or going over the 
line a sufficient number of times to ])roduce the desired 
effiict ; observe also that the distance between each lino 
ia gradiially increased in both directions from it (the 
darkest part) so as to produce on the left of n what is 
called the reflected light. To ensure success, practice 
and good jiidgment in the distribution and thickness of 
the lines will be required. 



Problem XXXVIII. 

To find the projection of a cone penetrated by a cylinder, the 
two axes being at right angles to each other but parallel 
to the vertical plane of projection. 

Akt. 141 , — If a cone, as a o 6, Fig. 60, were cut by a series 
of planes from the vertex to the base, each section would 
be an isosceles triangle [See Definitions, page 100]. Now- 
let No. 1 be an elevation, and No. 2 the plan of a couo cut 



by planes o i 
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be a plan of the intersections of tlie cone cat by 
planes o i, o 2, No. 1. Again, let No. 3 be on eleva- 
tion of the cone, No. 1, aa aeon in the direction of the 
arrow ; if i i, 3 a. No. 3, be made equal to 1 1, s s. No. 2, 
and lines be drawn from those points to the apex, No. 3 
will then represent an elevation of the cone and lines of 
section formed by the cutting planes, each of which will 
be an isosceles triangle. This, tlierefore, ia one of the 
simplest forms of conic sections. 

Presuming the direction of tliese cutting planes to be 
understood, we can now proceed to a solution of the pro- 
blem, reference being made to Drawing L, in which No. 1 
represents the elevation of a cone penetrated by a 
■ cylinder, and No. 2 a plan of the base of the cone. From 
I point n. No. 1, with the same radius as the cylinder, de- 
[ Bcribe a semicircle, which will represent an end elevation 
I of the half or visible portion of the cylinder ; and draw 
1, B, the cutting planes, and 3, the tangential plane. 
From A, No, 2, on the line o a produced, set off a i, a a, 
A 3 (No. 1 ), in points i', a', 3', No. 2 ; and from these points 
draw lines parallel to I L, cutting the base of the cone in 
1* 1", a" a", 3" 3". Find the projection of the last men- 
tioned points on the base of the cone No. 1, and draw 
lines therefrom to the apex, aa shown. If lines be now- 
drawn from those points where 01, a. No. 1, cut the 
semicircle or semi-base of the cylinder, the Intersection of 
such lines with the lines drawn from the base of the cone 
will give so many points in the line of penetration : the 
form of curve produced by the penetrating cylinder will 
therefore be obtained by drawing lines through the afore- 
said points of intersection, as shown at No, 1. The point 
of contact of the tangential plane with the semicircle may 
in all cases be determined by drawing from the point n a 
line at right angles to the tangential plane 3. 

The same result, namely, the curved line of penetra- 
tion, may also be obtained by intersecting planes at right 
angles to the vertical plane and parallel to the horizontal 
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plane : that is to say, if the two solids were divided by a 
plane perpeudicular to the upper plane and parallel to the 
intcraeoting line, the horizontal section of the cone would 
be a circle ; ajid the some line of section through the 
cylinder would be a rectangle, the intersection of which 
with the circle would give the projectiou of a point in the 
cui'ved line of penetration. 



Peoblem XXXIX. 

Given the plan of a cylinder penetrated by a cone, to J 
tJi,e line of penetration, the axia of the cone being parallel 
to the horizontal plane, but maHng any given angle with 
the vertical plane, and the axis of the cylinder being ut 
right angles to the axis of the cone. 

Aht. 142, — Let a b. No, 3, Drawing L, be a [ilan of 
the cylinder penetrated by the cone e g f. Draw a b d r, 
the elevation of the cylinder. Parallel to i l draw efg'. 
No. 4, the axis of the cone. Find by Art, 120 the pro- 
jection e k f i, the base of the cone. From g' draw lines 
tangential to the ellipse h f i. From h. No. 3, as a centre, 
with the same radius as that of the base of the cone, 
describe the semicircle e A' /. Divide e h' f into an 
even number of equal parte, in points 2, i, A', &c. ; and 
from the points of division draw lines at right angles 
to the base e /, cutting it in points 2*, l', h, l, a: then 
will these points be the projections of the corresponding 
points on the semicircle e h' f. Upon the major axis or 
diameter of the ellipse h i, No. 4, set off the several points 
taken from the diameter e f. No. 3 ; and draw lines at 
right angles to h i, cutting the ellipse in points 1, 2,/, S, i. 
From i', 2', No. 3, draw lines to g, the apes of the cone. 
If we now suppose i' ff, a' g, to be intersecting planes, 
cutting the two solids in a direction perpendicular to the 
lower plane of projection, or parallel to tlie axis of the 
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cylinder, wc shall get tbc simplest forms of sectkoi ( 
which the two solids admit when simultaneously cat by 
intersecting planes; the Bectioa of the cylinder being a. 
rectangle, and that of the cone an isosceles triangle. The 
poiuta of iiiier»eetion in the curved line of penetration 
will be where the corresponding sections meet or intersect 
each other. It will also be understood that h. No. 4, is 
the projection of point A, No. 3; and/, No. 4, the projec- 
tion of/, No. 3. Now the line /, No. 3, comes in contact 
with the cylinder at k: therefore k, No. 4, will be the 
extreme point in the curve. Again, the section lines s' if, 
l' ff, No. 3, come in contact with the cylinder at points 
/, m; and the projection of these points will be fonnd on 
the corresponding lines drawn from i a, 2 i, to y. No. 4, 
as shown by projecting raj-s from / and m. We have 
now to find the terminal points in the curve. From t. 
No. 4, the tangential point of contact of the line drawn 
from ^, let fall a vertical line, cutting fif. No. 3, in (* ; 
and draw t' g. Then will (' 3 be that portion of the sur- 
face of the cone which is seen in tlie elevation No. 4, and 
its point of contact with the cylinder and its projection 
will Ik' found as explained for points I and vi. 



^ Given tlte elevation of a cone penetrated by ariothrr eotu, 
H to find tlte line of penetration, tlte axes of the txeo cones 

H iei'njr at right angles to each other but parallel to the ploTie 

H of projection. 
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Aht. 143. — Let b a c. No. 5, Drawing L, represent the 
elevation of a cone with its iixis perpendicular to i l, and 
e df the elevation of the penetrating cone, with its axis 
parallel to 1 L. Through the base of the penetrating cone 
draw C f e indefinitely ; and through the apices of tiie 
two I'onen draw the right line a d, cutting the prolonged 
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base line of each cone in points o' 0. Upon e / and b c 
describe a semicircle, with a. radius equal to the semi- 
djametei" of the base of each cone respectively. From 
(/ draw o' i, o' a, the direction of the cutting planes, and 
o' 3, the tangential plane. From a, upon the line a C, set 
off the distances a i, a a, A3, in points l', 2', 3' ; and from 
the points of intersection on the line A c draw 1' 0, s* 0, s' 0, 
cutting the semicirculai' base of the cone in r, a, t. From 
T, s, t, draw lines at right angles to the base of the cone ; 
and from the points of intersection on the base b c draw 
lines to the apex of the vertical cone. Proceed in like 
manner with the horizontal cone : that is, find the pro- 
jections of the intersecting points of the cutting planes 
with the semicircular base on ef; and draw lines to the 
apex d. Then will the intersections of these lines with 
the corresponding lines drawn upon the vertical cone give 
so many points in the curved line of penetration. 

Art, 144. — In order that the student may clearly un- 
derstand the direction of the intersecting planes 1, s, a, 
and the reason for drawing the line a d to meet the pro- 
longed base line of each cone in points 0', and also the 
lines from points l', a', s', converging to the point 0, lie is 
recommended to cut a piece of cardboard to the same 
form and dimensions as the triangle A 0' 0. If this piece 
be placed flat upon the drawing, so as to coincide with the 
triangle ao'o, it will represent the zero ijitersccting plane, 
or a plane passing through the axis of the two cones. Let 
the angle or corner a be raised from the surface of the 
paper a distance equal to a 1, or a 1', and supported in 
that position witli the hypothenuse resting on the line 0' ; 
and the cardboard will then show the exact position of the 
first intersecting plane. If the angle a be fiirther raised 
a distance equal to A b, with the hypothenuse turning 
on 0' as a hinge-joint, the cardboard will indicate the 
position and direction of the second intersecting plane; 
and if the angle A be raised through a distance equal to 
A 3, the cardboard will represent a tangential plane to the 
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intersecting plane of the greater 
cone, — the lines of intersection l>eing r' a, »' a. The two 
conesare therefore simultaneously divided br planes which 
are common to both, and which give the most simple 
form of section, i.e., an isosceles triangle. 

Art. 145, — If the two cones were di\-ided by planes 
parallel to the intersecting line, bnt at right angles to the 
vertical plane, the sections of the vertical cone would be 
circles, and the sections of the horizontal cone hyperbolas ; 
— the line of penetration being in points where the two 
sections meet. This mode of obtaining the curve would, 
however, be much more diiBcult than that described. 
No. 6 represents a plan of the two cones, in which the 
several points in the line of penetration are obtained by 
Art. 128. 



Problem XLI. 

Given the position of a point or line upon a sphere in one of 
the planee, to find the projection of the point or line on tlie 
surface of the sphere in the other plane. 

Art. 146. — The plan and elevation of a sphere will be 
represented by two circles equal in diameter to the 
diameter of the sphere, as shown at Nos. 1 and 2, 
Drawing M. Again, if a sphere be cut by any plane, a& 
a V c, No, 1, and viewed at right angles thereto, the 
section produced will be a circle. 

AiiT. 147. — Let a, No. 1, represent the position of the 
point of which it is required to find the plan or horizontal 
projection. Through a draw a c parallel to 1 L. Prom 
b, No. 2, as a centre, and with b' e, No. 1, as a radios, 
describe a circle ; and from a, the given point, draw a 
line parallel to the line of centres b' b, cutting the circle 
in a'. Then will a' be the plan of a. Moreover, a line 
drawn through the sphere at point a, at right angles to the 
vertical plane, will be equal in length to a' a" (Art. 128). 
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Let e be the position of a point on the lower liGinisphere ; 
and let it be required to find its projection in No. 1. 
Through e draw gfnt right angles to the line of centres, 
or parallel to i L ; with / 3 as a radius, and from /, the 
centre of No. 1 , describe an arc of a circle, p ; and draw 
e e' parallel to the line of centres. Then will t' , the inter- 
section of the right line with the arc o p, be the projection 
of point e on the lower hemisphere. 

Inasmuch as the projection of any line drawn upon the 
surface of a. sphere can be obtained by finding the projec- 
tion of any number of points in that line, it is presumed 
that the student will experience no difficulty in finding 
the projection of the curved line k i. 

Art. 148. — Before leaving this subject, the student is 
recommended to find the sectional elevation of a sphere cut 
by a plane perpendicular to thehorizontal plane,and making 
any given angle with the vertical plane. Let k I he the 
line of section of which an elevation is required. If the 
projection of such a line be obtained as directed for the 
projection of a point, the elevation will be an e]|i])se ; it 
will also be found that the length of the right line k I 
between the points of intersection with the great circle of 
the sphere will be equal to the nwyor axis, and that the minor 
axis wilt be equal to m n. The projection of such a figure 
can therefore he obtained by means of the triangular figure 
described in Art. T22. 

With regard to the projection of Nos. 3 and 5, which 
represent the plan of a sphere penetrated by a pentagonal 
prism, and the plan of a sphere penetrated by a cylinder 
and also perforated by a cone, it will be unnecessary to 
remark fiirther than that the most simple form of section 
vfill be produced by cutting planes drawn parallel to the 
intersecting line, and that the projection of points 1, a, 3, i, 
on the upper and lower hemisphere, will be found as 
directed for point e. No. 1, and so on for any number of 
points in the curve or linfc 01 penetration. 
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Problem XLII. 
Given the plan of a sphere penetrated by a cone tlie axis of 

tchich w eccentric to t/ie ojris of the sphere, to find tlie 

line of penetration. 

Art. 149. — Let a. No. 7, Drawing M, be the centre of 
the sphere, and b that of the cone. Draw e b' f, No. 8, the 
elevation of the cone ; and upon the line of centres A a 
draw the great circle a g k o( tlie sphere supposed to be 
penetrated by the cone e b' f. Through the centre A, No. T, 
draw A ;c at right angles to A a; and from a through b, the 
centre of the cone, draw A c. From c draw c c' parallel 
to A a; and from c' draw e' b'. Then will the line c' b' on 
the cone e b' fhe the elevation of the line c b, No. 7. 

We will now determine the points at which the line 
o' b' will enter the lower and leave the upper hemisphere, 
or, in other words, its entrance into and exit from the 
sphere. From A as a centre, with a C and A b as radii, 
describe arcs c c and B 6. If we now suppose the sphere 
and cone to turn on A as a centre until the line A C coincides 
with A X, the point /> will represent the position of the 
apex of the cone, and c the position of point C in the base. 
Find the elevation of point c in c", and of point b in the 
line b' b" drawn from b', No. 8, parallel to 1 L ; and join 
c" b". Then will c" b" be the elevation of the line b C in 
its new or assumed position, and g h the points at which 
that line comes in .contact with the sphere. If lines be 
now drawn &oni g and h at right angles to the axis of the 
cone, the intersection of those lines at i and k with c' b', 
the real position or elevation of b c, will give the highest 
point in the lower curve and the lowest point in the upper 
curve ; — that is to say, every point in the curve on the 
lower hemisphere will be below k, and in the upper 
hemisphere above i. The student has now to find the 
proiection of a number of other points through which the 
curve is to be drawn; and the most simple form of sec- 
for this purpose will be that of a horJKontal plane 
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drawn parallel to the base of the cone. At any distance 
below h k, draw any number of lioes, lm,no,to represent 
the direction of the cutting or intersecting planes, and 
proceed to find the sectional plan of the cone and sphere 
at eacli line of section, which will manifestly be two 
circles (Arts. 128, 146) ; and the elevation of the points of 
intersection in those circles will give, on the corresponding 
line of section, the projection of two points in the curve. 
Thns, the section of the spiiere taken through the line 
/ m will be a circle equal to ^ tm ; therefore from A, No. 7, 
with I tor m t us radius, describe an arc, /' m' ; and from 
n, the centre of the cone, with a radius equal to the radius 
of the cone taken on the line I m, describe arcs cutting 
/' m' in p q. If lines be now drawn from p and q parallel 
to A a, their intersection in points r and a will give the 
projection of two points in the line of penetration. In 
like manner any number of points may be found below 
k and above i, and the projection of the curve completed. 
Art, ISO.^It is desirable to remark, with regard to 
the subject of the penetration of solids, that the student 
must not be surprised, when finding the projection of 
objects similar to those we have given, if the form of 
curve should not be the same as shown in our illustration ; 
for it will be manifest that the character of the curve will 
be governed by the magnitude and relative position of 
the two solids. For instance, in order to produce the 
same curved line of penetration aa that shown at No. 7, 
when drawing from a model of a sphere penetrated by a 
cone, it will be necessary to measure exactly the diameter 
of the sphere, the height of the cone and diameter of its 
base, the distance of its axis from the axis of the sphere 
(or amount of eccentricity), and the angle which the line 
A c makes with the intersecting line; all of which con- 
ditions must be strictly observed in order to produce the 
appearance which would be presented by a model of the 
objects just described in tliis as well as all other problems 
relating to the penetrations of solids. 
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An. 15L— Let Ko. 1, Dxmwn^ N, ref w a r nt the plan, 
and Ho. 2 ilte deratkoi of ■ ting (luTiBg a carde for its 

coioiuou or traaevcrse eectkai^ vidi a CTfinder, A B i> C, 
peatftniU^ thie rb^ If tltc lii^ be cat br planes at 
ri^bt ax^ca to the honaoBtal i^ane in the direcoon of 
a b. No. 1, die wrrianal devaliona will be a series of 
tJlipttcsl figores ; bat if the ring be cut bj jAmiks parallel 
Vi tbe liorixuntaJ ]ilane, tfae eleratioiu of these planes will 
be right lines, and the borizonUi projectians of tbe ring 
cut b^ §iu:h planes will be concentric circles. This 
direction of the cutting planes will therefore give the 
movt Bimple form of section for the annalas. Let e d. 
No. 2, be the direction of the intersecting planes. From 

e. No, I, the centre of the ring, with «*/, / g, Xo. 2, as 
radii, describe two concentric circles, y, ^, No. 1, catting 
the cylinder in jiointa 1 and s. Then will the two circles 

f, ^, represent a sectional plan of the ring taken throngb 
the line « d. From point 3 draw a line parallel to the 
lint: e /, cutting c rf in point s' : then will s'. No. 2, be 
the projijction of a point in the curved line of penetration. 
The projection of any number of points may be found in 
like manner, observing that all those points in the plan 
wliiuh fiill beyond the centre line, i 3, of the cylinder are 
invisiljle, and must, if represented, be drawn in dotted 
lines. 



Pkoblgh XLIV. 

T'o find Ute KcHonal eleeation of an annulus or ring. 

' Akt, 1.12. — Let h i, No. 1, Drawing N, be the line of 

section, iiikI !i i k tbit jiiirt of the ring supposed to be 
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removed. Having taken any immber of points, aa4, 5, e, 7, 6, 
we have simply to find the distance from each point to 
tlie point beyond it, or the thickness of the ring at those 
pouita, the projection of whicli in the vertical plane will 
give the form of section. From e, No. 1, the centre of the 
ring, draw e I parallel to i l ; and let the section of the 
ring taken through the line e i be a circle, as shown by 
g *"/, No. 2. From e, the centre of the ring, with e 4, e 5, 
&c., as radii, describe arcs cutting e I in points 4', fi', 6', 
Now the thickness of the ring at point 4 will be found by 
drawing a tine from 4' parallel to e e', cutting the sectional 
elevation of the ring in points i" g (Aets. 118, 121). 
Therefore, from point 4, No. 1, draw the line 4 s (.parallel 
to e e' ; and from points g and 4" draw lines parallel to 
c (? or I L, cutting the line drawn from point 4 in ( and t. 
Then will ( s be the projection of point 4 and the point 
beyond 4, or, in other words, the thickness of the ring at 
that point. The projection of points 6, 0, 7, 8, through 
wjiich the curve will pass, are found in like maimer. 



PROBLESI XLV, 

Given the projection of a sphere penetrated by a cone, the 
axis of the cone being at any given angle to the vertical 
plane, but parallel to the horizontal plane, and at any 
given distance from the a^ie of the sphere, to find the line 
of penetration. 

Akt. 153. — Let No. 3, Drawing N, represent an 
elevation, and No. 4 the plan of a sphere penetrated by 
a cone. Draw a b. No. 4, the axis of the cone, at any 
given angle to I L, and a' b', the axis of the cone No. 3, 
parallel to l L, and at any given distance from c d, the 
axis of the sphere. From a, No. 4, as a centre, with a f 
as radius, describe an arc or quadrant, / n, and divide it 
into any number of equal parts in points 1, a, 3. Find by 
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Problem XXXIX. the projection of points 1, 9, ! 
base of the two cones, Noa, 3 and 4 ; and draw lines there- 
from to the apex of each cone. Then will i' b, a' b. Sec., 
No. 4, represent the direction of the intersecting planes, 
which are perpendicular to tlie plane of projection. It 
will also be seen that g, b', h. No. 4, the sectional elevation 
of the cone"taken through the line a' b, will be an isosceles 
triangle, and that the sectional elevation of the sphere 
taken through the same line of section, from i to k, will 
be an ellipse [read Art. 148]. Find the projection of 
those two points where the ellipse cuts or intersects 
the isosceles triangle ; and two points in the line of pene- 
tration of a sphere by a cone will thus be obtained. 
Proceed in like manner with the other sections ; care 
being taken to find, and work from, the major and minor 
axes of each ellipse." 



Problem XL VI. 

Given the plan and elevation o/ a cone intersected by a sphere, 
to find the contour of the concavity on the surface of the 
cone in the upper and lower planes. 

Art. 154. — Let No. 5, Drawing N, represent the 
elevation, and No. 6, a plan of a cone intersected by a 
sphere. From a, the axis of the cone No. 6, and through b, 
tlie centre of the sphere, draw a b c : then will a c repre- 
sent a plan or edge view of a great circle of the sphere 
coincident with a right line, a /, drawn on the surface of 
the cone. From/, draw//', parallel to the line of centres 
a' a ; and draw a line from /' to a', No. 5, which will be 
the elevation of the right line / a, No. 6. If we now 
find a sectional elevation of the sphere taken through the 



" Since two points only in aacli ellipse are required, the "tram- 
mel," described in Akt. 122, will be tlie most ex[H>ditious meRns of 
olilnining tbeae points. 
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line a c, the intersection of that figure with the right 
line a' f will give the highest and lowest points in the 
contour of the curve. These points may, however, he 
more readily found by supposing the sphere and cone 
to turn upon a, as a centre, until the line a c coincides 
with d e. From a, as a centre, with a 6 as radius, 
describe an arc cutting rf e in point g ; from g draw g g' 
parallel to ^' a ; and from V , the centre of the sphere, 
No. 5, draw h' c' parallel to I L, cutting the line drawn 
from g. No. 6, in g' , No. fl. Then will g' be the new or 
assumed position of the centre of the sphere. From g' , 
with a radius eq^ual to that of the sphere, describe the 
arc h c' i, cutting the side a! k of the cone in points h and 
i; from t and A draw lines parallel to i L; and the inter- 
section of these lines with a' f will give the projection 
of the highest and lowest points in the curve. If, in 
this example, the intersecting planes are drawn at right 
angles to the vertical plane and parallel to the horizontal 
plane, as shown by the dotted line I m, the simplest form 
of section — namely, a circle — will be produced in both 
figures. Therefore, at any distance below the highest 
point, draw I m parallel to i i. ; find the sectional plan of 
the sphere and cone ; and their intersection will give two 
points in the curve, as in Problem XLII. 

Although this interesting part of onr subject might be 
greatly extended, it is presumed that the foregoing 
examples, if carefully worked out and studied, will be 
sufficient to impress upon the mind of the student that 
the projection of the lines of penetration of solids must 
be obtained by the use of intersecting planes, and that the 
easiest solution of any problem is to apply those planes in 
such manner as to give the most simple form of section. 
It will be manifest, however, that such projections cannot 
be obtabied without a previous knowledge of the mode of 
obtaining horizontal and vertical sections of the solids 
separately considered : these we have already explained. 
We have also shown that the position of any single point 
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in the line of penetration will, in all caaea, be wliere the 
two sections produced by the same intersecting plane 
meet each other. Here, then, we have a reason for the 
projection of every point, and for the form of curve pro- 
duced. Should the student fail, however, in realising 
the exact form of the curve after its projection has been 
obtaijied by the rules which we have given, we should 
recommend him to take one of the " Darmstadt " models* 
and lay down its dimensions as directed in Art. 150, 
when he will find that his work is a perfect fac-siuiilo of 
the model before him. 



* These l]pautiful models of Lhe penetrstiona of solids, nbich &ro 
uaetl on thu Continent for tettcliing metlianirnl di^wins, are now 
added to the collection of edacational models manuTactured at tlie 
Cfaeater Training College bj Messrs. Arthur and James Ki^, and 
may be seen in the Educational Museum at South Een5in<;ton. 
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CHAPTER X. 



Om the Development or the Curved Surfaces 
OF Cylindees and Cones. 



The curved surface of a solid upon which a flexible 
but non-clastic material, such as a sheet of paper, can 
be bent so as to apply evenly and without vacuities, is 
said to be a developable surface ; and the curved surface 
of a solid upon which a flexible material cannot be bent 
without leaving vacuities, is said to be a non-developable 
surface. A sheet of paper or other flexible material 
which, when bent, is capable of covering and coinciding 
with every part of the surface of a. solid, is called the 
envelope of that surface. 



Peobleu XLVIL 

Tojind the envelope of the curved surface of a semi-cylinder. 

Aht. 155. — Let ab d c, No. 1, Plate 7, be the elevation 
of a aemi-cylinder. Upon c d, the diameter, describe the 
semicircle e e d, which will be a plan of the seini-cylindcr. 
Draw a f and c ^ at right angles to a c, and equal in 
length to the arc c e d; draw f g parallel to a c; and 
facff will be the envelope of the semi-cylinder ab d c. 

Art. 156. — As there is no correct geometrical method 
by which an arc can be made equal in length to another 
arc described with a different radius, or a right line equal 
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in length to a given arc, the most convenient way la to 
divide the given arc by a pair of compasses into a number 
of equal parts, and then, without altering the adjustment 
of the compasses, to set off on the right line the same 
number of parts; but as tbe chord is always less than 
the arc, the right line c g will be something less than the 
curved line c e d. Notwithstanding this discrepancy, if 
the arc be divided into small portions, the result will be 
sufficiently near for our purpose. In cases where greater 
accuracy is required, the following method may be adopted : 
Multiply the diameter of the circle by 3'1416, and the 
product will he the circumference. Divide this product 
by 2, and the quotient will bo the length of the semicircle. 



Pbodlem XLVIII. 

Given the position of a point on the envelope of a semi' 
cylinder, to find its projection on the curved surface thereof. 
Art. 157. — In this proposition it is required to find the 
projection of a given point on tho surface of a semi- 
cylinder, supposing the sheet of paper to be wrapped 
around the cylinder ; in other words, A, No. I, being the 
given point of development, it is required to find the pro- 
jection of the point of envelopment. From h, draw A i at 
right angles to the asis of the cylinder, cutting a c In k. 
Divide h k into equal parts ; and upon the semicircle c e d, 
with the length of one of the parts, set off the same 
number of parts, from c to e. Draw e i parallel to db; 
and its intersection in t with the line drawn from h will be 
the projection of the given point h. 



Problem XLIX. 

Given the development of a right line on the envelope of a 
cylindrical gurface, to find the projection of the line upon 
that surface. 
Art. 158. — Let c h. No. 2, be the given right line. 

Divide the are c e d and the line c g into the same number 
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of equal parts in points 1,2, 3, i, and i', s', a', -i'; and from 
points i', 3', 3', 4', on tlie line c g, draw lines parallel 
to a c, catting c A in points t, k, I. Find the projection of 
t, k, I, as explained for tlie projection of a point (Problem 
XL VIII). Through the points of envelopment i' , k' , V , draw 
the curve c i' k' I' h', which will be the projection of the 
right line c A on the curved surface of the cylinder abdc. 

In like manner the development of a right line drawn 
on the curved surface of a cylinder, as c A, No. 3, can 
be found by dividing c g and c e d into the same number 
of parts; drawing lines from 1, 3, a, in the curved line 
e e d, cutting the given right line in points i, k, I; and 
then finding the development of those points on the 
envelope, as shown by the lines of construction. 

No. 4 shows the development of the curved surface of 
a cylinder perforated with a cylindrical opening, and, 
consequently, the form of opening that would be required 
in the envelope to coincide with that of the cylinder. In 
projections of this fcuid it will be evident that greater 
accuracy will be ensured by increasing the number of 
points. As the principles contained in these propositions 
are employed in the projection of screws, and also in 
the projection of the well and geometrical staircases, the 
student is recommended to work out No. 2 very carefully 
for an entire revolution of the cylinder, and to pay atten- 
tion to the form of the curve on its return at points c 
and //, which will be of the same character above the 
point A', or right line h A', as below. 



Problem -L. 

To fi.nd the envelope of the curved surface of a gerni-cone. 

Art, 159, — Let b a c. No. 1, Plate 8, be the elevation 
of a semi-cone, and b d c, a. semicircle equal to the base. 
From a, with a i as radius, describe the arc he; and 
make b e equal to the arc bdc Join e a ; and e ah will 
be the envelope required. 
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Problem LI. 

Given the projection of a line on the curved surface of a 
semi-com, to find the development of the line. 
Art. 160. — Let b a c, No. 2, be the semi-cone ; a e c, 
the envelope; and a / the given right line. Draw / j at 
right angles to the base b e; and make o ft, on the arc c e, 
equal to the arc c g. Join ft a; and a h will be the 
development of the line af. 



Problem LIL 



Given the projection of a point on the curved surface of 
a semi-cone, tofnd-the development thereof. 
Art. 161. — Through i. No. 2, the given point, draw a h. 
From k draw k d &i right angles to the base be; and jrom 
i draw i I parallel to the base, cutting a c in /. Make c m, 
on the arc c e, equal to the arc c g d; join ma; and from a, 
with the radius a I, describe an arc cutting a m'mn. Then 
will n be the development of the given point i. The 
position of n on the line m a may also be found by draw- 
ing a line from the given point i parallel to a b, cutting 
the base in o, and setting off from m on m a the length of 
the line o i, which will give the development of the given 
point 1 in n. 




Problem LIH. 



reJiectoT, to find 



Given the dimejisions of a lamp-shade c 

the envelope of its surface. 

Akt. 162. — Draw a b, No. 3, the centre line. Make b c 

equal to the vertical height of the lamp-shade ; d e equal 

to the diameter at the base ; and / g equal to the 

diameter at the top. Through / and g, draw d a,e a. 

i a centre, with af, ad as radii, describe the arcs 
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d h, fi. Make d h equal to the circumference of the base 
(is (Art. 156.); and join A a. Then will d hi/he the 
envelope or covering for the lamp-shade, — allowance being 
made for the lap or joining, as shown by dotted lines. 



Problem HV. 

To find the development of a line situated on the curved 
surface of a cone. 

Art. 163. — Let b a c, No. 4, be the cone ; e a b, the 
envelope ; aiid bf the jriven line. Divide the arcs b d c 
and b e into tlie same number of equal parts in points 
1, 2, 3 ; i', a', 3'. From the points of division on the arc 
b d c, draw lines at right angles to the base of the cone ; 
and from the points of intersection on the base draw lines 
to a, the vertex of the cone, cutting the line bf in points 
g, h, i, &c. Find, by Problem LII., the position of the points 
g, h, i, &c., on the envelope; and draw the curve bf, 
which will be the development of the right line bf. 

If the student will read Art. 109, he will there find 
that all right lines drawn from the apex of a cone to the 
base (termed the meridians of the cone) axe of equal 
length; and since all right lines drawn from the centre 
of a circle to the circumference are of equal length, it is 
manifesfrthat the actual length of the lines as, a 3, a 4, &c., 
is equal to the lenj;th of the lines ai', a 2', aa'. It follows, 
therefore, that if the envelope e a b were applied to the 
surface of the cone, tlie meridians and their developments 
would coincide : consequently the curved line b e would 
coincide with the right lino b c or base of the cone. For 
a practical illustration of this subject, the student is 
recommended to construct No. 3 on a loose sheet of paper, 
and with a sharp penkniie to cut out the envelope, which, 
when folded, will produce the frustrum of the coned /t; e. 
The same experiment may also be tried with the other 
figures upon which meridian lines have been drawn. 
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PeOBLEH LV. 

To find tite projection of a proportionnl »piral on the 
.urfat, of a .one. 
Abt. 164. — Let b a e. No. 5, represent the cone, and 
ae e the envelope upon which the meridian lines and their ' 
development have been drawn. Upon the envelope a e e 
draw the curve or proportional spiral e d e fh, making 
eqaal angles with the radii a i, a a, &c. To effect this, 
a d c beitiff the given angle, adjust a pair of proportional 
compasses in auch manner that when the long legs are 
opened to the extent of a c, the distance between the points 
of the short legs will be equal to a d. If the distance 
a rf be DOW taken with the long legs, the short legs will 
give the proportional length a e; and so on with the re- 
maining points. From a as a centre, ivith a d, a e, a f, 
&c., as radii, describe arcs cutting a c in tf, h, i ; and from 
the points of intersection g, h, i, draw lines parallel to the 
base of the cone, cutting the meridian lines corresponding 
to those of the envelope in points k, I, m, which will give 
the direction of the curve for half a revolution of the 
spiral. If the projection of the spiral is required to be 
continued, repeat the operation just described upon each 
meridian ; and every repetition will give the development 
of a new line, the projection whereof will be the projection 
of another half revolution of the spiral. The first point 
of the second curve on the line a b will be the same dis- 
tance from the vertex a as n o or a It, the last point in the 
curve c d e fh. The drsiwing before us shows two revo- 
lutions of the spiral, which, however far continued, would 
never terminate in the vertex a. 
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CHAPTER XI. 

EXAUFLKS IN 1'KACTICE. 



It is proposed under this head to exhibit an application 
of the principles set forth in Problem XLIX. to the pro- 
jection of screws. 

Art. 165. — The thread of a screw, whether of the 
square or V form, is a helix wound upon a cylinder; 
and its development upon the envelope of the cylinder 
will be a right line (Art. 158), If the envelope be that 
of an entire cylinder, the inclination of the right line, 
or the angle which it makes with the axis of the screw, 
will represent wb;tt is called the pitch of the screw." 

Art. 166. — Let the right line a b. No. 1, Drawing O, 
be made equal in length to the circumference of the 
screw. From a draw a c at right angles to a b ; and make 
a c equal to the pitch of the screw. If a right line be now 
drawn from c to b, such line_ will represent the develop- 
ment of one revolution of the helix ; but since in ortho- 
graphic projection one-half only of the screw is visible, 
the development required will be equal to the semi- 
circnmferencB of the cylinder. Bisect a b in o; and 
draw i parallel to a c. Then will o 4 represent the 
inclination or rise of the thread for half the circumference 
or visible portion of the screw. 

Art. 167.— Upon the end of the axis or centre line of 
No. 2, describe a semicircle, equal in diameter to the 
diamotor of the screw at the top of the thread ; and divide 

• The pitch of a scruw is the distance between the centre of one 
ttiread and that of the next luccceding thresd, and ig the measure 
of the screw's rectilinear motion for every revuluttou. 
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the aemicircle by radial lines into any number of equal 
parts, 1, 9, 3, 4. From the same centre, with a radius 
equal to that of the screw at the bottom of the thread, 
describe the semicircle i' 2* a', representing the cylindrical 
part of the screw. Then will 1 1' or 3 a' represent the depth 
of the thread, which for a square-top-and-bottom -thread 
screw is generally equal to half the pitch. From o, i, 3, 4 
draw lines parallel to the centre line or axis of the screw ; 
and at any convenient distance draw/o' parallel thereto. 
Divide / 0' into equal portions in 4', 4", &c., making each 
portion equal to half the pitch of the screw. If e 
division on the line/ u' be now subdivided into the samt 
number of parts as tho semicircle in jwints 1, 3, 3, such 
points will correspond with the points, 1', 2', 3', of develop- 
ment on the line t, No. 1 ; because 0' i', No, 2, is equal 
to 4, No. 1 (or half the pitch), which is divided into the 
same number of parts as the semicircle. Find, therefore, 
the projection of points 1, s, 3, 4' in the line/ 0', by Problem 
XLIX.; proceed in like manner with all the divisions 4',4', 
&c., as shown by construction lines or projecting rays; 
and draw the curves. The projection of the short curve, 
or that portion of the thread which is in contact with the 
cylinder, is eifected in like manner to that just described, 
— vertical lines being drawn^from points 1', 2', 3', &c. It 
will be seen that the return of the long curve from and 
above point g (as represented by the dotted line) is of the 
same character as below that point, and, if produced, 
would terminate at A in the line drawn from 1" : therefore 
the apace included between 0' and 4" will be the measure of 
the pitch of the screw, or one revolution of the helix. 

Art. 168. — No. 3 exhibits a vertical section of the nut, 
the mode of delineating which is the same as described for 
the screw : it is, therefore, only necessary to remark that 
the curved line or helix will incline in an opposite direc- 
tion to the screw ; the reason of which will be obvious 
on inspecting the dotted lines representing a continuation 
of the thread in the elevation No. 1. It may also be 
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remarked that a portion of the long curve will be invisible, 
whereas the short curve will be entire. 

Art. 169. — In finding the projection of a V-thread 
screw, the operation of projecting the curves is very similar 
to that described for the square thread. Having drawn 
a semicircle (see No. 4) equal in diameter to that of the 
screw at the top of the thread, and divided it into four 
equal parts, draw the right liue f o', and divide it into 
equal parts in points 8, s', b", — each division being equal to 
the pitch of the screw, as c a. No. 1 , and subdivided in like 
manner into eight equal parts. Find the projection of 
the long curves for the top of the thread, which will com- 
mence at 0, and terminate at point 4'; and so on for each 
succeeding curve, commencing at points 8, b', &c. For 
the short curves, representing the bottom of the thread, 
commence by drawing a line irom point 4, and so on, 
terminating at point e ; and then join the top and bottom 
of the thread by right lines, as shown in the Drawing, in 
which No. 5 represents a vertical section of the screw. 

Art. 179. — Infindingthe projectionof a screw with two 
threads, commonly called a double-thread screw (presuming 
the thickness of thread and space between to be the same as 
No. 2), it will only be necessary to take two divisions from 
the line /o'. No. 2, instead of one, as for a single thread ; 
in which case the first curve, instead of terminating at <j, 
would terminate at k (see A', No. 6); and for three threads 
the first curve would terminate at i; and so on for any 
number of threads, — observing to divide the space or rise of 
the thread, 1 £ or 4 t, into the same number of equal parts 
as the plan or semi-circumferenee, 0, 1, 2, 3, 4. 

Art. 171. — In preparing drawings of bolts for the 
workshop, as shown at Nos. 7 and 8, which represent 
a V and square thread screw, it is sufficient to project the 
threads into right lines in the following manner ; — At right 
angles to the axis of the bolt draw a. h. No. 7, equal to 
the diameter. From a, on the left-hand side of the bolt, 
set ofi" a c, equal to half the pitch, and join c b, which will 
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give the proper inclination of the thread for a single ^^^ 
threaded screw. Upon the right line a d, set off the 
required number of divisions, equal to the pitch of the 
screw; and draw lines parallel to c b. 

AiiT. 172. — The angle of the thread, as determined by 
Messrs. Whitworth and Co., in their improvements in ■, 
screw threads, is 35°; tosave time, however, the set square ^^H 
of 30° will be sufficient for the purpose when making work- ^^H 
ingdrawings. If, therefore, the setsquareof30°beappUed ^^M 
to the edge of the T square, and lines be drawn from the ^^H 
points of two consecutive threads, as c and/, the point of ^H 
intersection at-will give tliedepthof thcthread{theangle ^H 
in this case being 60°) ;— -the top and bottom of each thread ^H 
being joined by right lines c g,fg. [See No. 7.] ^^M 
It will beunderstood that we give the above as the simplest ^| 
mode of finding approximately the depth of the thread ; ^^| 
and in order that the student may be coi s st t as regards ^^M 
the number of threads for any g ven d an eter of bolt, we ^H 
have appended a fable showin^ tl e m 1 e of threads, ^H 
standard measure, for every incl le gtl of the screw. ^^M 
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LIST OF BOOKS 



E. & F. N. SPON, 

16, BUCKLERSBUEY, LONDOK", 



Ancient Alphabets. 

Tho Boole of Ornaraental Alphabets, Ancient and 
MwHievnl, from tho Eighth Century, with Nu- 
merals, including Gothic, Church Text, {large and 
email), GciTaan, Italian, Arabesque, Initials for 
Ilhimination, &e., &c., for the use of Architectural 
and Engineering DranghtBmen, Illuminators, 
Jfasons, Decorative Paintora, Lithograph era, 
Engrnvera, Carvers, Sc, &c., drmvn and oupjaved 
by F. Delamotte, fifth edition, with additions, 
rojal 8\'0, oblong, cloth, 4b. 

Architect & Surveyors' Handbook. 

A Handbook for Architectural Surveyors and 
others engaged in building, by J. T. Hiu-Bt, C.E., 
containing formulaj useful in designing Builders' 
work, tables of the weights of the materials used 
in Building, memoranda connected with builder' 
work, mensuration, the practice of buiidenL 
measurement, constants of labour, valuatioH of 
property, summary of the practice in dilapidations, 
and a scale of professional charges for Architecturul 
surveyors, &o,, &o., royal 32mo., roan, Ss. 

Brewing, 

Instmctions for making Ale or Beer in all tempe- 
ratures, especially adapted for Tropical Climatca, 
by ITohii Beodel, on a sheot, 6d. 
6000/12/1/66. 
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Channel Railway (The). 

CitDucoting England and France, by Junes Chal- 
mers, plates, royal 8vo, cloth, 3s. 6d. 

Cottage Residences. 

Downing's (A. J.) Cottage Eesidencea, or a Beries 
of designs for Rurul Cottages and Cottage Villas, 
illuttrated hy numerous engraving*, fourth edition, 
8vo, cloth, 12s. 

Cottages. 

Vaux's Cottages and Tillaa, new edition, revised 
end enlarged, numerous engraving i, royal Bvo, 
cloth, 128. 6d. 

Cottages. 

Designs for Schools, Cottages, and Parsonage 
Houses for Rural Districts, by H. Weaver, folio, 
half-bound, Ts. 6d. 

Chocolate and Cocoa. 

Cocoa; its Growth and Culture, Manu&cture, 
and Modes of Preparation for the Table, Xlltutrated 
with Engraving*, accompanied by easy methods of 
analysis, whereby its purity may be ascertained, 
by Charles Uewctt, post 8vo, price Is. 

Coffee and Chicory. 

Coffee and Chicory ; their Culture, Chemical 
Composition, Froparation for Uarket, and Con- 
Bumption, with simple testa for detecting adultera- 
tion, and practical hints for the producer und 
consumer, by E. L. Simmonda, F.S.S, Author of 
" The Commercial Piroducts of the Tegotable 
ii, Eingdom," "Dictionary of Products," &o , &c,, 

post Bvo, sewed, la. 

Cotton Cultivation. 

Cotton CulliTiition in its various details, the 
Barrage of Great Eivers, and Instructiona for 
Irrigating, Embanking, DroiniEg and Tilling Loud 
in Tropical and other Countries possessing high 
theimomelric femperafures, especially adapted to 
ihe improTtmcnts of the cnltural soila of India, 
by Joseph Gibba, M<mber Institute Civil Engineers, 
with 6 plate*, crown 6to, doth, 78 £d. 



E. ft F. K. 8k>n, 16, 'Bmm.'EssmmT, Losioir. 
Cotton Supply. 

Consideriitions relative to Cotton Supply as it waa, 
as it is, and as it might be, by Joacph, Gibbs, 
Member Institute Civil Bnginecta, 8vo, sewed, la. 

I Earthwork Tables. 

_. A genernl Sheet Table, for facilitating the Calcn. 

I latiou of Earthworks for Eailwaya, Canals, &c. 

F by P. Bashforth, H.A., on a largo sheet, 6d. 

Earthwork Tables. 

A general Table for facilitating the Calculation of 

Earthworks for Eailwaya, Cannls, &o., with a. 

Table of Proportional Pai'ts, by Francis Bashforth, 

L M.A., Fellow of 8t. John's College, Cambridge, in 

I 8vo, cloth, witli mahogatiy slide, 43. 

* " This little volumo ehould teoomo tho handbook of every potsou 

vhusB duties requbo ovon occasional caltnlntioiis of this nature ; 

■were it only that it is moro oitensiTely applicable than any other in 

oxistoice, we could cordially recommend it to our readers, but when 

they leaia that the use of it involT^BS only half the hibour of all 

otLer Tables constituted fbr tho same purpose, we offer the strongest 

of all reconunendatioaa, that founded on the yalue of linie." — 

Mechanic)' Magazine. 

Earthwork Tables. 

Tables for facilitating the calculation of Earthworfe 

in the Cuttings and Embankments of Bailways, 

I Canals, &c., second edition, corrected and considcr- 

I ably enlarged, by Sir Jolm Maoneill, 8vo, cloth, 

31s. 6d. 

Earthwork Tables. 

Tables for facilitating the calculation of Earthwork 
in the construction of Hallways, Bonds, Canals, 
Dams, &c., by David Cunningham, C.E., royi^ 8vo, 
cloth, 10a. 6d. 

Electricity. 

Memorials, Scientific, and Literary, of Andrew 
Crosse, the Electrician, 12nio, cloth, Ss, 6d. 

I^lectricity. 

A Treatise on tho Piinciplea of Electrical Accu- 
mulation and Conduction, by F. C. "Webb, Associate 
Institute Civil Engineers, part I., crowB 8to, 
cloth, 38. 6d. 
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Electricity. 

A short History of tho Electric CIookB, with ex- 
planations of their piinciples and mechanism, nnd 
instnictions for tlieir management and regulation, 
by Aloxanikr Duin, outsj 8vo, sewed, 6d. 

Electro-Metallurgy. 

Contributions towards a History of Electro- 
llotallurgy, establishing the Origin of tha Art, hy 
Ileniy Direka, cromi 8to, cloth, 4s, 

Engineers' Focket-Book. 

A Pocket- 13ook of useful Formula; and Memoranda 

for Civil and Mechanical Engineers, hy Guildford 

L. Sloleaworth, Member Institute Civil Engineers, 

Chief Ecsident Engineer Ceylon Eailway, eighth 

edition, revised and improved, 32mo, roan, 4a. 6d, 

"Mr, Moleaworth has dono tho profuasion a conaJpiablo and 

lasting boiieSt by publishing; Ma very excellent Pocliet-Boot of 

Engineering Foimmn!. What xtrikeB ue first, ia, the very ronvenient 

■iza and fonn of the Ixiok adopted by the author ; and acxt, in 

glancing over its contents, wo are pleaEed. to find many really nacful 

tilings not found elsewhere in any Engineering Pockct-Book, 

Mr, Molenrorth's treatment of Ilydraulies and Hydro- Dynnniica, 

and Motive Power generally, is eicellent. To tho Intler hroncll 

of hie subjoct. Ur. Molcaworth haa evidently devoted cooEicIemblo 

atlentian, and Lis coUecIion of formuhc wUl be found most uacfid. 

But to etop to detail everything that is good and useful in this hook, 

would bo nearly equal to reprinting a list of its conlente." — 

Arlitan, April, t8S3. 

Engineers' Price Book. 

Appleby's Illustrated H andbook and Prices Current 
of Machinery nnd Iron Work, with various useful 
Tables of llefercneo, compiled for the uso of 
Engineers, Contractors, BuildtTs, British and 
Foreign Merdhants, &c., 8vo, cloth, 23, 6d, 

Pish Cookery. 

A practical Treatise on tho Choice and Cookery of 
rish, second edition, 12mo, cloth, 2s. 6d. 

Gas. 

The Gas Works of London, by Zerah C'olbum, C.E. 
Member Institute CivQ Engineers, &c. Contents : 
Sketch of the Gaa Works of London, Process of 
Manufacture, Quantity produced, and Cost, I'rofltB, 
dfo. Crown 8vo, boanls, la. 6d. 
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Gasometry. 

Comprisittg tlie loading physical and chemical 
properties of Gases, by B. Bunsen, translated by 
lloacoe, 8ro, cloth 3g. 6d, 

Gold-Bearing Strata. 

On the Gold-bearing Strata of Morionethahiro, by 
T. A. KeadwJQ, F.G.8,, 8vo, sewed, 6d. 

Heat. 

An oniiiiiry into the Mature of Heat, and iot<i ita 
Mode of Action in the Phtcnomena of Combustion, 
Vnporisatioa, &c. by Zcrah Colbura, Svo, boards, 28. 

Hydraulics. 

Tredgold'a Tracts on Hydraulics, contnininR 
Smcaton'a esperimcntiil Papera on the Po'wcr of 
Water and Wind to turn Stills, &o., &c., Vcnturi's 
Exporimonts on the Motion of Fluids, and Dr. 
Young's Summary of Practical Hydraulics, plates, 
royal Svo, boards, reduced to 63. 

Illimimation, 

A Primer of the Art of Illumination, for the use 
of beginners, with a rudimentary treatise on the 
art, practical directions for ita exercise, and ex- 
amples, taken from Illuminated MSS. in gold and 
colours, by F. Delamotto. small 4to, cloth gilt, Os. 

"Modestly called n Primer, fliis little boot has a gcod titlo to 
bo cfteemed a manual and guide-lioolt in the study and practice of 
tlio difl'erent styles of oniomontol lettering nsod by the artiHlic 
tranacribers of pnat conturiea. . , . An amilcnr ma^, wilb (Mb 
gilont precBptor, lettm tbe wKole art and mystery of ilium inatioii." — 
Spcetatoi: 

Illmnination Initials. 

Moilireval Alphabets and Ihitials for lUuminatora, 
by F. G. Delamottc, with an Introduction by 
J. "Willia Brooks, printed in gold and colours, 
email 41o, cloth gilt, 63. 

Iron Bridges. 

A complete Trcntiae on Cast and "Wrought Iron 
Bridge Constmction, inchuling Iron Foundations, 
in three parts, theoretical, practical, and descrip- 
tive, by "William Humber, Associate Institute CitU 
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Engineers, and Member of tho Inatitntion of ^ 
Mcciianical EnRinecrs, 2 rols, imperial 4to, oon- 
taioin^ 80 lioiibld plaUi, and 200 pages of text ; aa 
entirely new work, £6 16s. 6d. 

Iron Bridges. 

Diiigroms to faciUtato the Calculation of Iroa 
Bridges, by Francis Campin, C.E. folded in 4to, 
■nT.ippcr, 2s, 6d. 

Iron Bridges. 

A practical Treatise on Cast and "Wrougbt Iron 
Bridges and Girders aa applied to Railway Struc- 
tnrcB and to Buildings generally, 'with numerous 
examples drawn to a large scale, selected from tha 
Public Worlcs of the most eminent Engineers, with 
58 full pag» plates, by William Humber, Associate 
Institute Civil Engineers, and Member of the 
Institution of Mechanical Engineers, imperial 4to, 
half-bound in morocco, £1 16s. 
"Mr. Humbec's admirablo wurk on Iroa Bridges."— JSs Timet. 

Iron Manufacture. 

The Iron llaniifactnre of Great Britain, Theo- 
retically and Practically considered; including 
Descriptive Details of the Ores, Fuels, and Fluscs 
employed; the Preliminary Operation of Calcina- 
tion ; tho Blast, Itefining, and Puddling Furnaces ; 
EnginpB and Machinery; and the various ProcesacB 
in Union, &c., by "William Truran, C.E., formerly 
Engineer at tho Dowlais Iron "Works, xinder the 
late Sir John 0-ucst, Bart., subsequently at tho 
Dirwain and Foiest Works, under JiTr. Crawshay, 
third edition (reprinted from tho Bccond) by J. 
Arthur PhillipB, Author of a "Mannal of Metal- 
lurgy," "Eccorda of Mining," &o., and "W". H. 
Doiman, C.E,, royal 4to, half morocco, illastraied 
it/ 84 plates of furnacea and maehinerij, £2 2a. 
"Mr. Trnran'a work ia really the only one licBaning Itic n 
of a treatise upon and test-book of tlie Iron Itlaniifacturo of llis 
Kingdoui. It gives a most comprobcnEivo and minafo eiposilioi 
present pmctice, if tha term may be applied to Iron Jliinufael 
as diatinRTushod from etriutly profeasiunal eubjects. The author 

the Eingdomi".— ,£>yifiwr, December 2< 
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" It has seMom fallen to our lot to introduco to the notice of the 
acientific piililic a mora Taluablo work than this. It ia oiidently 
tho reanlt of long, careful, and practical obserrntioa, and it forms at 
ODca a glorious monument to tho memoiy of ita author, and an 
oxdellont guide to those who are -direcllr or indiroclly interested in 
tho great subject of which it txeaiB." —MKiania' Magiuau, Sept. 
26, 1863. 

Jonathan Hulls. 

A description and dratigM of a new invented 
Machino for carryng Vessels or Ships ont of or 
into any Harbour, Port, or Itivcr, against "Wind 
and Tide, or in a Calm, by Jonathan Hulls, 1737, 
reprint in fac-similc, 12nio, holf-morocco, reduced 
to 2s., sewed, la. 
Levelling. 

rrint-'iplca and rracticc of Levelling, by E. Jones, 
cull, 12mo, cloth, ls6d. 

Locks and Safes. 

A Treatise on Firo and Thief-proof Depositories, 
and Lotks and Eeye, by George Price, in one largo 
vol. (916 pages), tcifh numerous wood en^ravi«0s, 
8to, cloth gilt, 53, 

Meclianical Drawing. 

An elementary Treatise on Orthographic Projection, 
being a new method of teaching the Science of 
Mechanical and Engineering Drawing, intended 
for the instruction of Engineers, Architects, 
Builders, Smiths, Masons, and Bricklayeia, and for 
the use of Schools, with numerous ilhHrationi on 
leood and »teel, by William Einns, Associate Inali- 
tuto Ciyil Engineers, late Master of the Mechanical 
Drawing Claps at the Department of Science and 
Alt, and at the School of Mines, formerly Professor 
of Applied Mechanics at the College for Ciril 
Engineers, &e., fonrth edition, 8vo, cloth, 9b. Mr. 
Binna' System of Mechanical Drawing is in suc- 
eessful operation in all the Art Schools of tho 
Tnited Kingdom. 
" Mr. Binna haa Ircaied Lis subject in a practical and maFterly 
aumuer; avoiding theoretital disquiailiona on the art, and giving 
direct and npplicahle examploa, ftdrancing progrcHsirely from the 
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cowplini foinw, Itua cleoring mniy tho niisl linm ihfl mind of iLo 
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Mechanics for Practical Men. 

TrcBtiso on tho Ccmiioaitioa and ItcEolntion o£ 
ForccB, the Centre of Gravity, nnd tho Mpthanicul 
Powers, bj- Alex. Jamiteon, L.L.D., platfi, 8vo, 
cloth, 63. 

Memoirs of Scientific Men. 

Memoirs of the DifitinguifiKcd Hon of Science of 
Great Britain, living a.b. 1807-8, by W. Walier, 
3na., with nn introduclion by Ilobcrt Hunt, F.R.S. 
Eccond edition, revised ond enlarged, containing 
the Lives of Watt, Itcnnie, Telford, Mylne, Jetwop, 
Chapman, Mnrdock, the firet to introclitce pea into 
practiciil use ; 1-iumford, Huddart, Bonlton, Drnnel, 
Woston, Bentham, Mandsley, Dalton, CavcBdiBh, 
Sir Humphry Davy, 'Wollaston. Hatchet, Henry, 
Allen, Howard, Smith, the father of Englidi Ge- I 
ology; Crcropton, inventor of fJio Spinning Uulc; | 
Carlwright, Tcnnant, lionnlds, the first to Enccesa- 
ftiUy puES nn electric telegraph message thi'ongh a 
longdistance; Charles Karl Stanhope, Trevithick, 
Nasmyth, Jliller, of Dalswinton, and Symington, 
the inventors and coEPtmetors of the fin-t practieol 
Btcam Boat ; ProfcMor Thomson, of Glasgow ; 
Troughtcn, Honliin, Conprcre, Iferschel, llaakc- 
lyne, Jiaily, TrodBham, Leslif, Ployfair, Itntherford, 
iJoUond, Brown, tho Botanist; Gilbert and Bank h, 
tho rrcEidents of the Boyal Society at that epoch 
of time ; Captain Kater, eelcbrnted for hia pendn- 
Inm experiments ; Dr. Thomas Toung, and Jenncr, 
the benefactor of mankind ; Jaa. Ivory, Dr. Priestly, 
and Cort, tho father of ihc Iron Trade ; post 8to, 
cloth, 3s. Gd. 

Miningf. 

On the Ventilation of Coal Mines, by 'WiJHani 
Brunton, cuti, l2tao, doth, 6d, 
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Mining. 

Iteeords of Uiniug and Metallurgy, or Facts and 
Memoranda for the ubo of the Mine Agent and 
Pmelter, by J. Arthur Phjilipg and John Dar- 
lington, in crowTi 8vo, cloth, illustrated by wood 
engravings, hy P. Bclamottc, reduced to 43., in 
hoards, 3s, 

Millwrights' Guide. 

The Prncfical Slillwitghta and Engineers' Ready 
Itockoner ; or, Tahlea for Finding the Diameter 
and Power of Cogwheels, &e. &o., by Thos. Dixon, 
12mo, cloth, 3s. 

' Modem Alphabets. 

Esamplea of Jlodem Alphahois, plain and orna- 
mental, including German, Old English, Sason, 
Italic, Perspective, Greek, Hebrew, Court Hand, 
Engrossing, Tuscan, Biband, Oothic, Buetic, and 
Arabesque, with seTeral original designs, and an 
analysis of the Boman and Old English Alphabets, 
for the use of Draugttsmen, Masons, Decorativo 
Paintcra, Lithographers, Engravers, Carvers, 
Schools, &o., collected and engraved by F. Delu- 
motte, royal 8vo oblong, cloth, 4s. 
) nrliels of all clafscs, tut more pspciiitlly to nrchilecls and 
' engravers, Ihia very hnndsonie liook will be invaliisble."— Blandard. 

Y Modem Engineering. 

A record of the progress of Modern Engineering, 
comprising Civil, Mechanical, Marine, Hydraulic, 
Bailway Bridge, and other Engineering "Works, 
with Essays and Bevicws, edited hy W- Humber, 
Associate Institnto Civil Engineers, and Member 
of the Institute of Mechanical Engineers, for 
18C3, imperial 4to, half morocco, £3 3s. 
Do. do. for 18G4, half morocco, £3 Ss. 

\ Oblique Bridges. 

A practical Treatise on the Construction of Oblique 
Bridges, with spiral and with equilibrated courses, 
tcidi 12 plates, containing 100 lignrea, by Francis 
liashforth, M,A., Fellow of Bt. John'a College, 
Cambridge, 8vo, cloth, 6s. 
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The Book of Ornamenta of every style, appli 
to Art and Industry, for tho use of Lithographer, 
Engrnvprs, Silversmiths, Decorators, and other 
Art Workmen, by J03. Schcidel, 5 nambeiB, 
l8. 6d. each. 

Ornament. 

Gleanings from Ornamental Art of every Bt^fl* 
drawn from cxamplca in the Britiah, SouA 
Kensington, Indian, Crystal Palaee, and other 
Muacutns, the Exhibitions of 1851 and 1862, and 
tbo best English and Foreign "Works, in a lertM 
of 100 platea, containing many hundred examples, 
by R. Newberry, 4to. cloth, 30d, 

Perpetual IVEotion. 

Perpetuum Mobile; or, Search for Self-Motivo 

Power, during the 17th, 18th, and 19th Centuries, 

illuatrotfid from varioua authentic sources in 

papers, essays, letters, paragraphs, and numerous 

patent flpee&icationa, with an Introductory Essay 

by Henry Diroks, C.E., tciih numermu engravingt 

o/machinw, crown 8vo, cloth, IO3. 6d. 

" A curioiu and interreting work. Mr, DircliB' chief purpose was 

to rollect together all the materials requisite to form a record of 

vhnt hna been done, or attemptcil, rather, in this curioug branch of 

guiai science, and mOEt instructive in one lenso it ie. Mr. Dircks' 

volume is well worth looldng into ; it eontaina a vast deal of enter- 

toining matter." — Builder. 

Port of Calcutta. 

Tlio Port of Calcutta, with special rcferenco to ths 
late Cyclone, and remedial measures to be adopted, 
by Charles G. Adicy, Esij , C.E., plates, 8vo, 
sowed, 28. 

Railways. 

HoUey's {A. L ) American and European Kailway 
Practice, in the economical generation of Steam, 
including the materials and construction of conl- 
bnmiiig, boilers, &c., and the adaptation of wood 
and coUe-buming engines to coal-burning, and ia 
pcnnaneiLt way, &c, 7T ptatei, imp. 4tD, cloth, 308. 
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Railways. 

Manual of Railway EnginccriDg in Ireland, with 
Appcnilioes, including tho Irish Tramway Acts, by 
J. i^. Cotton, plates, post 8vo, cloth, 5s. 

Railway Masonry. 

The Guido to Eailway Masonry, containing a 
complete Treatise on tho Oblique Arch, by Peter 
Sichokon, third edition, revised by E. Cowen, C.B. 
tcitk 42 plaU», 8vo, cloth, 9fl. 

Road Locomotives. 

Ad Epitome of the Kow Boad Loeomotivo Acts, for 
the use of Owners and Drivers, by Thomas Avcling, 
18mo, cloth, 6d, 

Screw Gutting. 

• Screw Cutting Tables, for tho use of Mechanical 
Engineers, showing the proper arrangement of 
"Wheels for cutting the threads of screws of any 
required pitch, with a Table for making the Uni- 
vei-aal Gas Pipe Threads and Taps, by W. A. 
Martin, Engineer, royal 8vo oblong, cloth, Is., 
sewed, 6d. 

Screw Propeller. 

Tlie Screw Propeller : what it is, and what it ought 
t« be, by II, GiilEth, 8to, sewed, 6d. 

Sewing Machine. 

The Sewing Machine : its History, Construction, 
and Application, translated from the German of 
J)r. Herzberg, by "Upfield Green, illueirated hj 1 
large lithographio plates, royal 8to, ornamental 
boai-d3^7s. 6d. 

Shop Fronts. 

DelassauK and Elliott's Street Architecture: a 
series of Shop Fronts and Fagadcs, characterlBtic 
of und adapted to different branches of commerce, 
22 steel platet, folio, boards, 12s, 6d. 

Society of Engineers. 

Transactions of the Society of En^nccrs, 1860 to 
1862, plates, post 8vo, cloth, Ss. Od. 
The volume for 1863, cloth, 10a. 6d. 
The Yolumo for 1864, 8vo, clotli, 2l8. 
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Speclilcations. 

ProcUcal Specifioaliona of Worts executed in 
Architecture, Civil and Ucchanical Eegiaecring, 
and in Eoiid Making and Sewering; ta which 
oro nddcd a scrieB of practically ueeful Agree- 
ments and Ileporti, wilh 15 folding j)!a(es,iy John 
Ulcnkurn, 8to, cloth, 18s. 

Steam. 

Heed's (E. J.) New Theory of the Generation of 
Pteaiii, wilh an explanation of the Gcysera of 
Icelunil, 8vo, sewed, 6d. 

Steam Boilers, 

Treatise on the Maiina Boilers of the tTnitetl 
Stutcs, by B. H. Bartol, ii?rt(M, 8vo, cloth, 7a. 6d. 

Steam Boilers. 

The ITodcm Practice of Boiler Engineering, con- 
taining observations on the Construction of Steam 
Boilers, and remarks upon Furnaces used for 
Hraoko PrcTcntion, with a chapter on Esplosions, 
by Pobert Armstrong, C.E., revised, with the 
nddilion of Notes and an Introdnetion, hy John 
Bourao, Esq., wiVA engracjngs, fcnp. 8vo, cloth, 2s. 
" The collected eztperience of a pracliiiil cnsinfer, j ho, for thirty 
jenrg of hia life, hns directed his altcntian lo the eouEtnietion of 
Steam Hollers and Fiutkiccb, ia a valunhic addition to llio etock. of 
Kngineoring knovledge, imd it vill bo gCDcrallj' more npprccinted 



Steam Boilors. 



US, by Z^-ah Colbum, 8vo, 



Steam Boilers. 

On the Wear and Tear of Stonm Boilers, by 
I'rcderitk Arthur Paget, C.E., 8vo, aewed, la. 

Steam Engine. 

Lessons anil Practical Notes on Steam, tlio Steam 
Engine, Propellers, &c., &c., for Toung Engineers, 
Students, and others, hy tho kte W. H. Eing, 
U.S.N., ninth edition, cats, 8vo, cloth, fls. 



E. ft F. N. Spoit, is, BccKLEBSBFaT, London. 
Steam Engine. 

I Practical lUuBtrations of Land and Morme Engines, 

Brewing in detail tho modum improvements of 
Iligb and Low PrcBaure, Surface Condensation, 
and Su]jer-Ji eating, together ^ritll Laud and Uarine 
Boilers, by B. P. Burgh, Engineer, 20 platM in 
double ehpkani, folio, cloth, with text, £2 2a. 

Steam Engine. 

lUilea for Designing, Const nicting, and Erecting 
Land and Marine Engines aad lieilers, Ly N. 1'. 
liuigh, Engineer, royd 32mo, roan, 4a. 6d. 

Steam Engine. 

The Slide Valve practically considered, by H. P, 
Bui'gh, cute, crown 8yo, cloth, 4s, 

Strength of Timber. 

Il'ractical Treatise on the Strength and Stiifness of 
'Jimber, intended as a Guide for Engineers, Archi- 
tects, and Carpentera, by "William TiuTibull, 8vo, 
boards, 2 s. 
Sugar Machinery. 

A Treatise on Sugar Machlner}-, by N. P. Burgh, 
Engineer, with 16 plates, drawn to a large soale, 
royal 4to, cloth, SOs. 

Surveying. 

An Introduction to the present prnctice of Survey- 
ing and Levelling, being a plain explanation of 
the subject and of tho inatraments employed, 
illuttfaUd with suitaih plana, sections, and 
diagrams, alio u/ith engravings of the Field InstrU' 
'. * menti, by S. C. Brecs, C.E., 8yo, cloth, Sa. 6d. 

Surveying. 

A practical Treatise on the science of Load and 
Engineering Eurreying, LevelHng, Efitimating 
r Quantities, &e., with a general description of the 

j several Instruments reqiiircd for Sni-veying, 

LcTelling, Plotting, &o., with illustrations and 
talles, by H. S. Uerrett, royal 8vo, cloth, 16b. 

Teeth of Wheels, 

I Camns (H.) Treatise on tho Teeth of Wheels, de- 

I monstroting tho beet forma which can be given to 




i: 



Vf 18 gUtm, 8i«, doth. 5«~ (pab. 13s.) 
TobBOOO. 

Tobacco; its Hutey and AssodalimB, indoding 
aa Acconnt of tite Ftant and its llannfutnre, with 
its modes of am in sU ages and coontries, by 
y. W. Faiibolt, 100 eDgraTisgs, post 8to, cloth, 
4s. 6d. 

Torbine. 

A Fiactical Treatise on the constmction of Uie 
Turbine, or Horisontal Water-Trbeel, mfh ttrex 
plaUt, specially designed for the use of Operative 
Hechamcs, by William Cullen, Uiltwrigbt and 
En|jneer, 4to, sewed, 6s. 

Taming. 

Turners' and Fitters' Poctet-Book for cfllcolatiog 

the change wheels for Screws on o Turning l^the, 
and for a Wheel-cutting Machine, by J. La Hicca, 
18 mo, sewed, 6d. 

Turning, 

Tbe practice of Hand-taming in Wood, Ivory, 
8beU, &c., with Instnictions for Tnming such 
works in Metal as may he required in the practice ^ 
of Turning in Wood, Ivory, &c., also an Appendix 
on Ornamental Turning, hy Francis Campin, with 
wood engravings, crown 8to, cloth, 6s. 

Wage Table. 

Pelany and Ote's Wage Table for Engineers, 
Shipbuilders, Contractors, liuilders, &c., from one- 
quarter of an hour in regular progression to nine 
and three quarter hours, from ono day to ten days, 
at one shilling to eight shillings per day, on one 
sheet, la. 



E. & F. N. Bpok, 16, BtTCxLBaaBuxT, Lonnir. 

Warming and VentUating. 

Bernan's (W.) History and Art of "Warming and 
VentilatiDg Uooias and liuUdinga by Open Fires, 
HypoeauBts, German, Dutch, Russian, and Swedish 
Stovea, Steam, Hot Water, Heatod Air, Heat of 
Animals, and other Metiioda, &c , hy W. Beman, 
243 engravings, 2 vols ia 1, 12mo, cloth, Ib. 6d. 

Water Supply. 

papers apon the supply of Water to Towns, by 
Baldwin Latham, C.E., A.I.C.E., plates, part I, 
8vo, sewed, 38. 6d, 
Wine Management. 

The Wino Merchant's Manual, a Treatise oa the 
Fining, Preparation of Finings, and General Ma- 
nagement of Wines, by T, Smeed, 12mo, hoards, la. 

Yacht Building. 

Marrett's(P.K.) Yachts and Yacht Building, being 
a Treatise on the Constniction of Yachts, and other 
matters relating to Yachting, 10 large folding platet, 
8vo, elolh, 6s. 



In 2 vols., royal &10, halfmoroeeo, neat, price £2 10«. 
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DICTIONARY OF MACHINES 



KBCBANICS, 



ENQINE WORK, It ENGINEERINGi 



4000 ENQRAVINGS OK WOOD, AND MANY 

STEEL rUIES. 

EDITED BY OLIVER BYRNE. 



I 



NK-W EDITION". 



Lohhon: E. & F. N. Sfor, 16, Bucelesbbdbe. 



To hi Pulliihid in FiftMn Mmthly Part$, dtmy quarto, 
priet 3«. tack part (Part I ready on thi lit Jantiary, 

1866, and the rtmatnder conieeiilieclyj, 

lUUSTIATED WITH 30 COmECTlr COLOSED PLATES 
AKD NUMEROUS WODOCUTS. 

MODERN 

MARINE ENGINEERING, 

PADDLE & SCREW PROPULSION, 

By N. p. BUEGH, EsoraEEK. 



iTtat PiiblhM, elephant folio, cloth, price £2 2i, 

PEACIICAL ILLUSTEATIONS 
LAND KM MARINE ENGINES, 

THE MODERN IMPROVEMENTS IN HIEH AND LOW PRESSURE, 

SURFACE COSDESSATION, SUPEIUIEATIKG, 

LAND AND MARINE BOILERS. 
By M. P. BUEGH, Eusmeer. 



LosDos : E. & F. K. Bron, 16, BccsLGBSBDar. 



